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Foreword 



Object-oriented programming languages are playing an increasingly important role in computing sci- 
ence and its applications. With the declining hard ware costs, the cost of computing systems is largely 
dominated by software. The software industry is facing a large-scale software development crisis 
currently due to the usage of conventional technologies, which are turning obsolete by the end of the 
day. It has resulted in considerable increase in development cost plus time overrun and poor quality 
products. Object-oriented analysis and design is an upcoming technology that software professionals 
have employed successfully in the development of large software projects. 

Programming as every practitioner knows is a delicate ait where the main problem is not so much to 
obtain a working program (which is mandatory of course), but to have a program designed in such a 
way that it is not fragile, i.e., it can be modified/updateti/debugged easily. In order to attain these goals 
programmers need tools. 

Among the tools that allow a programmer to express ideas are of course the programming lan- 
guages, One such programming language used popularly these days is the C++ language. This book by 
Venugopat K R f Rajkumar and T Ra vis hank ar is a timely and relevant publication. 

This book is unique in many ways. Hie concepts such as programming paradigms, the need for 
OOPs technology, extending C, C++ at a glance, fundamental constructs of the C++ language, classes 
add objects, inheritance, polymorphism, generic programming, streams computations, fault tolerant 
programming with exceptions are covered prominently, Every aspect is prominently illustrated with 
figures and examples which are well tested, illustrative and impressive in the manner the solutions are 
designed. The authors, with their rich industrial and academic experience in Computer Science have 
made their best effort to bring out this book for the benefit of students, teachers, and software profes- 
sionals. 

This book besides being illustrative includes a wide array of typical programs, which help OOP 
aspirants to grasp the fundamentals of the subject without external assistance . Hie earlier works of the 
authors Microprocessor x86 Programming has been very well received by the students of Science and 
Engineering. I am confident that this book will serve the needs of all those who are serious about object- 
oriented technology. 

In this book, the approach followed by the authors make the exploration of the OOPs territory as 
easy and interesting as possible, starting slowly and working up gradually to more challenging 
concepts. I am confident that the reader will find the book an appealing vehicle for embarking into the 
challenging world of Object Oriented Programming with C+ + . Good Luck ! 



S Sail Kumar 

Director 

Centre for Development of Advanced Computing 
(A Scientific Society of Government of India) 
Brunton Road, Bangalore 560 025 
Karnataka, India 
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Preface 



In the real-world everything (including you and me!) exist in the form of objects. These objects are 
identified by the system analyst upon request of a customer (who actually uses services of objects) and 
handed-over to the designer. The designer in turn creates classes which group all those objects exhib- 
iting similar characteristics and behaviors into a single unit. These units are then passed to program- 
mers, who implement object's framework given by the designer. Thus, objects move from the customer 
to the programmer. 

Programmers create objects using its framework. These objects work in a collaborative and coop- 
erative manner to produce the required output. These software objects now start moving from program- 
mers to tesFengineers, and finally to the customer, who is the actual user of these objects > to solve real- 
world problems. To realize this effective migration of objects from one person to another, there must be 
an effective means of communication among all those involved in the development of a software 
project. They need to communicate their ideas in terms of objects. That is, system analyst delivers 
requirement specification in terms of objects, software designer deli vers design specification in terms of 
classes (object groups). And even programmers need to express their ideas or write code in terms of 
objects. Hence, the demand for an object oriented requirement specification (DORS), object oriented 
analysis (OOA} f object oriented design ( OOD), and object oriented programming ( OOP) has grown 
tremendously. 

Currently there is no standard method of OGRS, OQA, and OOD available. But, there are many 
standard programming languages supporting OOP available and one of the most popular OOP lan- 
guageisC++. 

C++ is an object-oriented language that a C programmer can appreciate, especially who is an early- 
age assembly language programmer, C++, was first oriented towards execution performance and then 
towards flexibility, Most of the features which C++ adds to C involve no runtime overhead; few that do 
can be avoided by the efficiency conscious programmers. 

Yet, C being a structured programming language offered the ease of software development but failed 
to support maintenance of large code. This has motivated the search for a new language which is as 
efficient as C but simplifies the maintenance of large code. It is not enough to offer a language that is 
just as good as C, If people are to switch, the replacement language must not only equal C in terms of 
efficiency and code reuse, but it must also be a lot better in terms of productivity, maintenance, and 
power. C++ meets these criteria, making it the first serious contender to challenge Fortran’s supremacy. 

The last couple of years have seen a growing wave of enthusiasm for object-oriented approaches to 
requirements analysis, application design, and programming. The same period has been marked by the 
increasing popularity of the C++ language and its acceptance as a logical successor to C Since C++ is 
designed to support object-oriented development, it seems only natural to see a strong link between 
C++ and OOP. Programmers who move to C++ will apparently adopt an object-oriented style of pro- 
gramming. 

With C++, it is much easier to build and maintain a really big code. This Is made possible with 
C++ T $ enhancements to C and more importantly its object-oriented support. Some of the most promi- 
nent concepts of object-oriented programming are encapsulation, data abstraction, inheritance, delega- 
tion, polymorphism, and streams. All these features are covered in this book with illustrative programs. 
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A few other reasons for the success of C++^ynlike other OOP languages) are: 

♦ A strong backing from world class software organizations (such as ATi&T, Borland, Microsoft, 
Sun Microsystems Inc, etc,) 

• It is a mature language 

# Av ai lability of program m i ng en vi ronmeot (language sens its ve ed itors , com pi lers , tools, profilers, 
code analyzers, etc.) 

* It is available on machines from microcomputers to supercomputers 

Organization of the Boole 

This book spreads discussion on C++ language and object-oriented concepts over twenty chapters. 
Each chapter explains C++ constructs needed for object-oriented programming with numerous pro- 
gramming solutions. The book is organized as follows: 

Chapter 1 {Object Oriented Paradigm) discusses the need for new programming paradigms and 
various aspects of object-oriented programming. It covers the evolution of programming paradigms, 
d ements of OOPs, popular OOP languages, OO learning curve, software reuse, and demonstrates how 
objects hold the key in driving the future technologies. 

Chapter 2 ( Moving from C to C++) starts with the Hello World program demonstrating various 
elements of a C++ program. It also presents new features added to C++ (apart from OOP) such as 
streams based I/O, scope resolution operator* inline functions, function overloading, enhancements to 
C structures, function templates, new and delete operators for runtime memory management. Chapter 3 
(C+ + at a Glance) illustrates the various features supported by C++ for object-oriented programming. 
Both chapters include illustrative examples of complete programs, rather than isolated fragments, It 
discusses classes, objects, derived classes, operator overloading, virtual functions, class templates, 
exceptions handling, and streams. 

Chapters 4 through 9, discuss various fundamental elements of C and C++. These chapters are 
devised keeping in mind the readers who are not familiar to C language, The readers with C back- 
ground will also benefit from these chapters, since emphasis is placed on their (data types, functions, 
pointers, etc.) availability in C++ in a powerful form. Chapter 4 deals with basic data types* operators* 
and expressions. Chapter 5 explains control flow : if, if-eise, switch, for, while, break, etc. Chapter 6 
covers Arrays and Strings . Chapter 7 describes modular programming with functions. It presents 
techniques of managing large software system development by breaking it into multiple functions and 
modules. Chapter 8 emphasizes on structures and unions. Chapter 9 deals with runtime memory man- 
agement using Pointers, emphasizing new features of C++ for dynamic memory management. 

Chapter 1 0 ( Classes and Objects) describes how data and functions can be combined into a single 
unit. Such a unit (class) can be instantiated to create objects, and they can be manipulated. This chapter 
covers class declaration, object creation, accessing class members, passing objects as arguments, 
difference between structures and classes, and memory resource requirement for classes and objects. 

Chapter 1 1 (Object Initialization and Cleanup ) mainly focuses on two special functions called 
constructors and destructors. These are invoked automatically during the creation of objects and 
destruction of objects respectively. Chapter 1 2 (Dynamic Objects) covers the creation and manipulation 
of objects at runtime. 

Chapter 1 3 (Operators Overloading) illustrates overloading of C++ operators to operate on user 
defhied data types. It includes overloading of both unary and binary operators such as +,-,*.[], etc. It 
also covers overloading of new and delete operator for tracing memory leaks. 
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Chapter 14 (Inheritance) illustrates the creation of a new class called derived class from existing 
classes. It covers various forms of inheritance with complete example programs. It also describes object 
composition for delegation. 

Chapter 15 (Mrfurtf Functions) illustrates the dynamic binding of functions to realize runtime poly- 
morphism. Chapter 16 ( Generic Programming with Templates) discusses the creation of function and 
class templates for those functions and classes having the same body but operating on different data 
types. 

Chapter 17 (Streams Computation with Console) discusses the unformatted and formatted I/O 
operations with keyboard and screen using streams. Chapter 1& (Streams Computation with Files) 
deals with I/O operations on files used for storing data on secondary storage devices using file streams. 
Chapter 19 (Exception Handling) covers error handling model of C++ and concludes with guidelines on 
better handling of exceptions. 

Chapter 20 (00 Analysis, Design, and Development) covers software life cycle, object-oriented 
analysis, object-oriented design, and class design. It also provides some guidelines on how to build a 
reliable code, 00 software performance tuning, software project management, and a plan for QO battle, 

T7ie topics of appendices include: C++ Keywords and Operators, C++ Library Functions, Glossary, 
ASCII Character Set, Bibliography and Index. 

Suggestions for further improvement of this book can be forwarded to vkrajuk® bronto. iitm.emet. in f 
rajQedaebemet in or rthammai® in, oracle, com. 

Road Map to Readers 

This book is designed keeping in mind the following three categories of users: 

1 . Well-versed in C and wants to learn C++ thoroughly 

2. Well- versed with C and wants to lean C++ quickly 

3. Not familiar with C and has good knowledge of programming 

Thejfm category of users can read first three chapters: Object-Oriented Paradigm, Moving from C to 
C++, and C++ at a Glance. The remaining seven chapters can be skipped without the loss of continuity. 
However, it is advisable to study these chapters so that strong foundation on C++*s new features can 
be built The second category of users can read the first three chapters to learn C++ quickly. The third 
category of users are advised to study the entire book. They can skip the second and third chapters in 
the first reading and read them later after gaining some foundations of C++ programming. 



Venn go pal K R 
Rajlaimar 
T Ravishankar 



Copyrighted material 




Acknowledgements 

We owe a debt of gratitude lo Prof, K, Venkatagiri Gowda, Prof, P, Srecntvasa Kumar, Prof, S. Lakshmana 
Reddy, Prof. N.R, Shetty* Prof. P. Narayana Reddy, Prof. N. S, Somasekhar, Prof. K Mallikarjuna ChetLy 
Prof. H.N, Shivashankar* Prof, C. Sivarama Murthy, Prof, A, R* Virupaksha, Prof. T, Basavaraju, 
Prof, M« Chenoa Reddy, Prof, B, Narayanappa, Prof, N. Srinivasan* Prof, K« M Krishnamurthy* 
Prof. R A, Meed* Prof. G. R. Venkateshaiah, Prof. V. Sathyanagakumar for their encouragement. 
Our sincere thanks to Sri. K.P. Jayarama Reddy, T.G. Girikumar* P Palani* M. G. Muniyappa* and 
C. Kesha vamurthy for their support* 

We thank Mr. S, Sasi Kumar* Director, Centre for Development of Advanced Computing, Bangalore 
for his foreword to this book and Pro! M Venkatachalappa, Department of Mathematics, Bangalore 
University, Bangalore for providing us the necessary infrastructure in the preparation of this book. 

We thank Ms. Mangala* Ms. Savithri S* Ms. Deepa, Mr. Ravi Kirin N* and Mr Bijo Thomas for their 
constant support during the preparation of this book. 

Dr. Bjame Stroustrup* the designer of C++ language was kind enough to answer many of our queries 
by electronic mail and allowed us to use his comments on C++ competency gap directly in this book 
without any mutation. We thank him for his support to our work* 

We thank Prof. G. Krishna, Prof. M, A.L. Thathachar, Prof. N, Viswanadham, Prof, V.V.S* Shamia, 
Prof* D, K. Subramartian, Prof* U. R. Prasad, Prof, C. E* Vem.Madhavan, Prof* Y* N* Srikanth, 
Prof, Y Narahari* Prof, T. Jacob Matthew, Prof. K* Gopinath* Prof. R. C, Hansdah* all from IISc, Bangalore 
for their suggestions. We thank Pro! C R Muthukrishoan, Deputy Director, Chairman Department of 
Computer Science* Prof. Kama! a Krithivasan, Prof. T A Gonsalves, Prof. C Pandu Rangan, Prof. D lanaki 
Ram all from JIT Madras, for their encouragement 

We thank Anand K N, A. Prishanth Kumar, Sudeep R Prasad, Maya C. M T Bala Kishore B* Krishna 
Mohan, and Sasikiran N for proof reading. We are thankful to N Mohan Ram* Mallikarjuna Gumma and 
Gopi Chand T for their comments. 

We thank Tejaswi* Prakash, and Prasad for their help. 

Our special thanks to Sri.Eshwarappa Buyya* SmL PirvaiM Bshwarappa* Smt, Smrithi Rajkumar, 
Ashokumar, Chinnama* DuJlappa, Kalpana, Shivakumar, Sri.Vishwanath Dharni, Shankerayya Swamy, 
Rajkumar Shelke* and Sangashetty Gadge our well wishers for their moral support and inspiration. 

We express our gratitude to $ri.M*C, Jayadeva, Sri.V. Nagaraj, Sri.V. Manjunath, Sri.K, Thyagaraj* 
Sri.T. S, Ravichander, Sri M. Thammaiak, Smt. Chandramma T, Smt, Savithri Venkatagiri Gowda, 
Smt. P SaiPrabha, Smt, Karthyaymi Yenugopal* and Smt Ruktrdnl Thyagaraj* our well wishers for 
inspiring us. 

We thank Mr. Anand P, for tus neat DeskTop Composing of the book. We thank Dr, N Subrahmany am, 
Mr. Roystan Laporte* Ms. Vibha Mahajan, Ms. Mini Narayanan, and the management* editorial* and 
production staff of Tata McGraw Hill Publications* New Delhi for bringing out this book in record 
time. 



Venugopal K R 
Rajkumar 
T Ravishankar 



Copyrighted material 




Contents 



Foreword yjj 

Preface | M 

1 Object-Oriented Paradigm »»«**»+» »♦» **«*»****«.*„„ , 1 

LI Why New Programming Paradigms ? 1 

] .2 PDFs ! a New Paradigm 2 

1 .3 Evolution of Ifrogramming Paradigms ...... 

l A Structured Versus Object-Oriented Development —■„■■■,. ,,, 9 

L5 HemetiteofQbjeet-OrietttedP^grainmmg 11 

1 .6 Objects,.— , +■■..„■ », ,«■ ..■■■■■„ 12 

1 .7 Classes H 

3 ,1 Multiple Views of the Same Object , 15 

1 3 Encapsulation and Data Abstraction 16 

1 .10 Inheritance ...■■■„■■■„ ... , 1.7 

Ml Delegation - Object Composition 19 

M2 Polymorphism „■»«. ,«.«»«»»« 2D 

M3 .20 

M4 Popular OOP Languages* .......... ......... . 21 

M5 Merits and Demerits of 00 Methodology 25 

1 J 6 00 Learning Curve , — „ w , 26 

M7 So ftw a re Re us e - 27 

ME Objects Hold the Key , . — . w 3Q 

Review Questions ■,.... , 31 



2 Moving from C to C-H- 3 2 

2J introduction „ ., t ,» 3£ 

2 2 H e l lo W or ld w ,„ , - * 3 2 

2.3 Streams Based I/O,,... „ , 3 5 

2.4 Single Line Comment w »« >»♦«.,*»»*»♦.♦♦♦« »»«—«.»« 40 

25 Literals- Consist! Qualifiers,^ = .■■■■...■.■■■■■■—■—„■.■ 42 

2M Scope Resolution Operate : : .,** 44 

2JZ Variable Definition at the Point of Use AS 

21 Variable Aliases- Reference Variables ■ - .4! 

23 Strict Type Cheeking ...... , 

2.10 Parameters Passing by Reference ...» 51 

2J 1 Inline Functions S3 

2-12 Function Overloading „..54 

2. 1 3 Default Armiments 57 

2.14 Keyword tvoedef 

2.15 Functions as a Part of a Struct - 60 

2.16 Type Conversion 

2 .17 Function Templates M 

2.11 Runtime Memory Management, 67 

Review Questions 71 



Copy rig h fid material 



Contents 



xv 



DM LOT LOOP 

5.7 while loop.,.. ...... „ 




5,8 do. .while Loop 




5.9 break Statement ,. „****.*„ 




5, 10 switch Statement * ** ,„*.*.*, . 




5.11 continue Statement .„*.„.*, 




5.12 Roto Statement 


164 


5.13 WfldStatements 


165 


Review Questions 


167 


6 ' Arrays and S trines ™~**^*™™ 




6. 1 rnrmriucfmn ... . . . . . . .. . ... ...... . , .... .. 


168 


6,2 Operations on Arrays 


168 


63 Anay Illustrations. 


174 


6.4 Multi -dimensional Arrays 


178 


6.5 Strings 


182 


6*6 Strings Manipulations — *- 


184 


6.7 Arrays of Strings — « , *.** « * 


187 


6.8 Evaluation Order / Undefined Behaviors 


188 


Review Questions ....... ...... ... .***.*****,. ... 


189 


7 Modular Programming with Functions » 191 


7. 1 ' Introduction ***** * *** * .**..« 


191 


7*2 Function Components * * 


. **.,.* 193 


7*3 Passing Data to Functions ******** * ***,**.* .*****.***,**,*,** 


198 


7. 4 Function Return Da ta Type * 


201 


7*5 Library Functions **.,**..** * ********** ****** 


203 


7.6 Parameter Passing ************** ********************* ***************** ..... 


204 


7*7 Return by Reference ******.**..*******.**.**..***.**********.***.***.*******.***.***.**.*** 


209 


7.8 Default Arguments**.** ********* * 


210 


7*9 Inline Functions ..................... 


............................ 213 


7,10 Function Overloading , 


„ 214 


7.11 Function Templates 


219 


732 Arrays and Functions 


220 


7.13 C++ Stack * 


4 .... . 221 


7. 1 4 S cope and Extent of Variables 


223 


7.15 Storage Classes .. .... ......... 


225 


736 Functions with Variable Mumber,af Arguments 




7*17 Recursive Functions 




7*18 Complete Syntax of main() 


... ..234 


Review Questions 




S Structures and Unions -«»■*»»■»»»■♦*»»*»- i*^*i*»*>»«*»*««*»»*« B 


«#*« i r t , * * * , r 1 4tr *, *i > * i»tM*i <,* it* i ,* ■ 23 7 


83 Introduction ... ...... ., 


737 


8,2 Structure Declaration ................................... 


737 


8.3 Structure Definition , * 





Copyrighted material 



xvi Cant® nls 

8.4 Accessing Structure Members MO 

8.5 Structure Initialization , _ Ml 

8.6 Nest i n g of S tructures - ..... , .... , „„ , , „ „„ „ „„„„„„„ „„ a . 243 

8 . 7 Array of Structures . , .... , .... .... .... „„ , „„ , .... „„ ..... , „„ „„„„ „„ .... .... ....... ..„ 346 

8.8 Structures and Functions .■■■»■.——■■■ 251 

8.9 Data Type Enhancement Using typedef .... ... ,....■■■■,■■■■. . 255 

8. 10 Structures and Encapsulation 257 

8.11 Unions 259 

8.12 Differences between Structures and Unions 361 

8. 1 3 Bit- fi e l ds i n Strut Lures . . ., . . . . 264 

Review Questions ... 267 



9 Pointers and Runtime Binding — 268 

9.1 Introduction 268 

9.2 Pointers and their Binding ... 269 

9 . 3 Address Operator , ,* ■ „. .... 270 

9.4 Pointer Enables . 271 

9.5 Void Pointers ~ 216 

9- 6 Pointer Arithmetic 2 78 

9.7 Runtime Memory Management,,,.. „■■,«■■„.—■ 282 

9.8 Pointers to Pointers 283 

9.9 Array of Pointers 285 

9 JO Dynamic Multi-dimensional Arrays * .......... 289 

9J 1 Po inter Cons t anta ,...■■■■■ ,„■■■ .■■■■■ . 29 4 

9. 12 Pointers and String Functions 294 

9. 1 3 Environment Specific Issues . 296 

9 J4 P ointers t o F u n ct i on s * 298 

916 Pointers to Constant Objects — ,« — 301 

9.17 Constant Pointers — .... ,...-. 302 

9.18 Paint e r to 5 tructures , „ t 302 

9.19 Wild Pointers - - - 307 

Review Questions * 310 



IQ C lasses and Objects 313 

10- 1 Introduction ...» . — . 313 

10.2 Class Speeifeadon . 314 

10.3 Class Objects 316 

1 0.4 Accessing Class Members 31? 

10.5 Defining Member Functions „ ...» + « 321 

IM Outside Member Functions as inline .,■.»■.■■■■»■■« 325 

10.7 Accessing Member Functions within the Class 328 

10.8 Data Hiding - 329 

10.9 Access Boundary of Objects Revisited 332 

1 0 JO Empty Classes 334 

10 J1 P o i n ters w ithin a Cl ass 334 

10 12 Passing Objects as Arguments 336 



Copyrighted material 



Contents 



xvli 

10 J 3 Reiuniiine Objects from Functions » 34U 

I 0J 4 Fri e n d F u n ctions m4 Friend Cla ss y ,.„t .... 342 

10. AS Constant Parameters Mid Member Functions 349 

1 0. 16 St ructu res a n d Cla s s e s ...■.■■ ■ 352 

10 .17 Stat i c Data ffidMcrote r Funct i o n s - 35 4 

10.18 Class. Objects and Memory Resource ■■..,-.■■■■ 35S 

10.19 Cl ass Design Steps , „„ „ , , „ .... „„ ■ , 310 

Review Questions ....... 361 

11 Object Initialization and Cleanup » .» 363 

1 LI Class Revisited ..... 363 

1 1.2 Co nstr uc t ors 36 4 

1 1.3 Parameterized Constructors 368 

1 1.4 Destructor 371 

1 1 .5 Constructor Overloading 373 

1 1.6 Order of Comtryction and Destruction * , + ,,,.^........... T 376 

3 1.7 Constructors with Default Arguments „ ■„■■, 377 

II J Nameless Qfrjectt HQ 

1 1.9 Dynamic Initialization through Constructors . », ,» » , , 3S1 

11.10 Constructors with Dynamic Operation# 383 

31.11 Copy Constructor , .... w „„ ..... . »„ ..... ... ■ ... . . . .. ... ......... 385 

11.12 Constructors for Two* dimensional Arrays 387 

11.13 Constant Objects and Constructor *. »» „■ » 393 

1 1 .14 Static Data Members with Constructors and Destructors 395 

11.15 Nested Classes . „ — — — , , 397 

Review Questions .».« »..« »*** .»,m. w «h W i ....... .».« »,« 39& 



12 Dynam 1C QbjCCtS mnnummittm mnHnt.iw.nnwnitimrtiitmwMwi.nMit<..HtlHMHM^MHMW..mtHmiitMm 400 

12. 1 Introduction „ 4£B 

1 2. 2 Pointers to Objects t , .... .... ■ ... ....... ... ........ ... ■ 4QQ 

1 2. 3 Live Objects , .... .... ........ ...... .... 408 

12.4 Array of Objects .... 411 

1 2.5 Array of Pointer to Objects »»**»««».■.— .-,»i , 413 

1 2.6 Pointers to Qbj eel Members . ..... .» f , ..... ... .... ... . , , ....... . .... .... ,, 416 

12.7 Function set_ne w_handlerQ ....... ...... .... ... .... ... .»»■». , 421 

1 2. 8 ib i s Pointer -»-4B 

12.9 Self-r efer e n tial C l m m 4 24 

12. 10 Guidelines for Passing Object Parameters 431 

Review Questions „„ „„ ...» .... „„ .... ...» 43 1 



13 Operator OverloadiilR 432 

13.1 Introduction 432 

1 3.2 Overloadable Operators 4B 

1 3 3 Unary Operator Overloading 434 

13.4 operator Key word w ... ■—■■.-.■■■„— 436 

13.5 Operator Return Values — 438 



Copyrighted material 



xviii 



Content# 



13.6 Nameless Temporary Objects , . „ 439 

13.7 Limitations of Increment/Decrement Operators,. 441 

13.8 Binary Operator Overloading = „ ........ 445 

1 3.9 Arithmetic Operators , w .... , „ . 446 

1 3. 1 0 Concatenation of Strings ,« .... WM 45? 

13.1 1 Comparison Operators , 454 

] 3. 12 Arithmetic Assignment Operators 457 

13.13 Overloading of new and delete Operators — ... J ..., , . , 462 

13. 14 Data Conversion 464 

13.15 Con version Between Basic Data Types », , 46* 

13.16 Conversion Between Objects and Basic Types 465 

13.17 Conversion between Objects of Different Passes 410 

13. 18 Subscript Operator Overloading 477 

13.19 Overloading with Friend Functions », +■ ~ , 480 

13.20 Assignment Operator Overloading 488 

13.21 Tracing Memory Leaks ». », ■+ 491 

13.22 Niceties of Operator Overloading and Conversions #3 

Review Questions ..., 497 



14 Inheritance .. . ,,, .,...., , ,, ■ ,,, ■ ■ »< »■*** ■ »■** ■ ■ im ■ m ■ ■ ,<« »,< ,» m »» ■ *** . ***< *** .... . 499 

14J I n troduction , . 499 

1 £2 Class Revisited ^ 5Q0 

L4J Derived Class Declaration 503 

1 4 .4 Fo rms of Inheritance T .„ 510 

14.5 Inheritance and Member Accessibility , ww , MW »,«»»«»■■* WM , MM , WWM WM#M< , 511 

L4J Co n str u ctors in D e ri ved C las s es 516 

1A2 Destfuet o r i i n D eri v ed Clashe s , , „* . . t . .. 523 

14.8 Constructors Invocation and Data Members Initialization 525 

14.9 Overloaded Member Functions 528 

14.10 Abstract Classes . , - 533 

14.1 1 Multilevel Inheritance: , — 533 

14.12 Multiple Inheritance „ , , . . . »* . 537 

14.13 Hkrarehi&allnheritarice,, .»»».»-«» 

14.14 Multipath Inheritance and Ritual Base Classes », », »+ 552 

14.15 Hybrid Inheritance , w „ 558 

14.16 Object Composition- Delegation 562 

14.17 When to Use Inheritance ? 567 

14.18 Benefits of inheritance 561 

14.19 Cost of Inheritance 568 

Review Questions 568 



15 Virtual Functions 570 

1 5. 1 Introduction 530 

15.2 Need for Virtual Functions 571 

15.3 Pointer to Derived Class Objects 574 

15.4 Definition of Virtual Functions 578 



Copyrighted material 



XX 



Contents 



IS. 14 Filter Utilities .... 699 



Review Questions * „■ 




1 9 Exception Handling .. „„„„ **„ 


?« 


19.1 Introduction „ „ 


7m 


19 + 2 Error Handling ...„.„. 




193 Exception Handling Model 


.7m 


1 9.4 Exception Handling Constructs * 


7m 


19.5 Handler Throwing the Same Exception Again 


,711 


19.6 List of Exceptions 


. m 


19.7 Catch AH Exceptions 


717 


19.8 Exceptions in Constructors and Destructors 


719 


19.9 Handling Uncaught Exceptions.... 




1 9. 1 0 Exceptions in Operator Overloaded Functions 


777 


19.1 1 Exceptions in Inheritance Tree 




19.12 Exceptions in Class Templates 




19.13 Fault Tolerant Design Techniques — 


.7*5 


19.14 Case- Study on 5 oft ware Fault Tolerance ..... ..... 


,737 


19J5 Memory Allocation Failure Exception 


. 740 


19. 16 Ten Rules for Handling Exceptions Successfully ......... 


.742 


Review Questions 


.747 


20 OQ Analysis* Design and Develop men. . ........... 


748 


20,1 Software Life Cycle: Water-Fall Model , , ............. ............. ... 




20. 2 Cost of Error Correction ........ ..... ........ . ............. .. ., . .... .... ......... ........ ... , .... ........ .... ... .... 


.751 


20.3 Change Management , . ...... — .... .... .... .... ..... .... ..... — ....... .... — ., .... .......... 


.752 


20,4 Reusable Components ................................................ ......................................................... 


.7^ 


20,5 Software Life Cycle: Fountain-Flow Model * . .. . 


755 


20.6 Object-Oriented Notations «. , 


756 


20.7 Obi ect-Orien ted Methodologies 


756 


20,8 Coad and Yourdon Object-Oriented Analysis 


.759 


20,9 Booch s s Object-Oriented Design 


76ft 


20.10 Class Design 


761 


7.0 1 1 How m R ui Id Reli able Code ? 


764 


20.12 OO Software Performance Tuning **...*..* — 


765 


20.13 Software Protect Management .................................... 


.766 


7ft 14 Plan for OO Rattle . .. .. 


7<S8 


20 ! S A Final Worrf 


769 


Review Questions — ............... ......... 


769 


Appendices 

A. C++ Keywords and Operators ,, 


.770 


B , C++ Library Functions . ... . .... .. 


.788 




790 


n ASCII Chaninter Set 


794 


E, Bibliography , „ »»„ .... *, .... .... . 


,79a 


F, Index 





Copyrighted material 



1 

Object-Oriented Paradigm 



Object- Oriented Program ming popularly called OOPs is one of the buzzwords in the software industry 
On one hand, OOP is a programming paradigm in its own right and on the other, it is a set of software 
engineering tools which can be used to build more reliable and reusable systems. Another kind of 
programming methodology which has already revealed its power in the software field, is structured 
programming. At present, Object-Oriented Programming is emerging from research laboratories and 
invading the field of industrial applications. The software industry has always been in pursuit of a 
methodology or philosophy, which would eliminate the problems endemic to software in one shot.The 
latest candidate for this role is Object Oriented methodology. 

Structured programming and object-oriented programming are equally popular today although struc- 
tured programming has a longer history. The current popularity of OOP and its connection to structured 
programming is pointed out by Tim Rentseh — What is object oriented programming ? My guess is that 
object oriented programming wilt be in the 1 980 p s what structured programming war in the J970*x. 
Everyone wilt be in favor of it. Every manufacturer will promote his products as supporting it Every 
manager will pay lip-service to it Every programmer will practice it (differently). And no one wilt 
know just what it is, Rentseh *s predictions still hold true in the 90*s. 

Structured programming and Object-Oriented Programming fundamentally differ in the following 
way : Structured programming views the two core elements of any program — data and functions as two 
separate entities whereas. OOP views them as a single entity. The benefits of uniting both data and 
functions into a single unit, will be discussed in later sections. 

Object-oriented programming as a paradigm is playing an increasingly significant role in the analy- 
sis, design, and implementation of software systems. Object-oriented analysis, design, and program- 
ming appear to be the structured programming of the 1990's. Proponents assert that OOP is the 
solution to the softw are problem. Software developed using object-oriented techniques are proclaimed 
as more reliable, easier to maintain, easier to reuse and enhance, and so on. The Object-Oriented 
Paradigm is effective in solving many of the outstanding problems in software engineering. 

1 .1 Why New Programming Paradigms ? 

With the continuous decline of hardware cost, high speed computing systems are becoming economi- 
cally feasible. Innovations in the field of computer architecture supporting complex instructions is in 
turn leading to the development of better programming environments, which suit the hardware archi- 
tecture. More powerful tools, operating systems, and programming languages are evolving to keep up 
with the pace of hardware development Software for different applications need to be developed under 
these environments, which is a complex process. As a result, the relative cost of software is increasing 
substantially when compared to the cost of the hardware of a computing system. Rate of increase in the 
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the existing modules. Flexibility is gained by being able to change or replace modules without disturb- 
ing other parts of the code. Software development speed is gained, on one hand, by reusing and 
enhancing the existing code and, on the other hand, by having programming objects that are close in 
representation to the real-world objects, thus reducing the translation burden (from a real-world repre- 
sentation to the computer-world representation) for the programmer. 




Figure 1.2: Features of object-oriented paradigm 

The fundamental features of the QGPs are the following: 

* Encapsulation 

* Data Abstraction 

* Inheritance 

* Polymorphism 

* Message Passing 

* Extensibility 

* Persistence 

* Delegation 

* Generieity 

* Multiple Inheritance 

The important features supported by the object-oriented paradigm are depicted in Figure 1.2. It also 
shows various features offered by C++ as a language for OTPs paradigm. OTP not only benefits 
programmers, but also the end-users by providing an object-oriented user interface. II provides a 
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consistent means of communication between analysts, designers, programmers, and end users- The 
following terms are most often used in the discussion of OOPs: 

Encapsulation: It is a mechanism that associates the code and the data it manipulates into a single 
unit and keeps them safe from external interference and misuse. In C++, this is supported by a construct 
called class* An instance of a class is known as an object ; which represents a real- world entity. 

Data Abstraction: The technique of creating new data types that are well suited to an application to 
be programmed is known as data abstraction. It provides the ability to create user-defined data types, 
for modeling a real world object, having the properties of built-in data types and a set of permitted 
operators. The class is a construct in C++ for creating user-defined data types called abstract data 
types (ADTs). 

Inheritance: It allows the extension and reuse of existing code without having to rewrite the code 
from scratch. Inheritance involves the creation of new classes (derived classes) from the existing ones 
(base classes), thus enabling the creation of a hierarchy of classes that simulate the class and subclass 
concept of the real world* The new derived class inherits the members of the base class and also adds 
its own. Two popular forms of inheritance are single and multiple inheritance. Single inheritance refers 
to deriving a class from a single base class— supported by C++* 

Multiple Inheritance: The mechanism by which a class is derived from more than one base class is 
known as multiple inheritance. Instances of classes with multiple inheritance have instance variables 
for each of the inherited base classes. C++ supports multiple inheritance. 

Pdly morph ism: It allows a single name/operator to be associated with different operations depend- 
ing on the type of data passed to it. In C++, it is achieved by function overloading, operator overload- 
ing, and dynamic binding {virtual functions). 

Message Passing: It is the process of invoking an operation on an object. In response to a message, 
the corresponding method (function) is executed in the object. It is supported in C++, 

Extensibility: It is a feature, which allows the extension of the functionality of the existing software 
components* In C++, this is achieved through abstract classes and inheritance. 

Persistence: The phenomenon where the object (data) outlives the program execution time and exists 
between executions of a program is known as persistence* AH database systems support persistence* In 
C++, this is not supported. However, the user can build it explicitly using^fe streams in a program. 

Delegation ; It is an alternative to class inheritance. Delegation is a way of making object composition 
as powerful as inheritance. In delegation, two objects are involved in handling a request: a receiving 
object delegates operations to its delegate. This is analogous to the child classes sending requests to 
the parent classes. In C++, delegation is realized by using object composition* Here, new functionality 
is obtained by assembling or composing objects. This approach takes a view that an object can be a 
collection of many objects and the relationship is called the has-a relationship or contoinership. 

Genericity: It is a technique for defining software components that have more than one interpretation 
depending on the data type of parameters. Thus, it allows the declaration of data items without 
specifying their exact data type. Such unknown data types (generic data type) are resolved at the time 
of their usage (function call) based on the data type of parameters. For example, a sort function can be 
parameterized by dig type of elements it sorts. To invoke the parameterized sort ( ) , just supply the 
required data type parameters to it and the compiler will take care of issues such as creation of actual 
function and invoking that transparently, In C++, genericity is realized through/imcridn templates and 
class templates 
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1 .3 Evolution of Programming Paradigms 

As many software experts point out, the complexity of software is an essential property ; not an acci- 
dental one . This inherent complexity is derived from the following four elements; 

* The complexity of the problem domain 

* The difficulty of managing the development process 

* The flexibility possible through software 

* The problems of characterizing the behavior of discrete systems 

The sweeping trend in the evolution of high-level programming languages and the shift of focus 
from -program mi tig- in -the -small to program mi ng-in-the- large has simplified the task of the software 
development team. It also enables them to engineer the illusion of simplicity. This shift in programming 
paradigm is categorized into the following: 

* Monolithic Programming 

+ Procedural Programming 

* Structured Programming 

* Object Oriented Programming 

Like the computer hardware, programming languages have been passing through fe volutionary 
phases or generations , It is generally observed that most programmers work in one language and use 
oniy one programming style. They program in a paradigm enforced by the language they use. Fre- 
quently they may not have been exposed to alternate ways of solving the problem and hence, they will 
have difficulties in exploiting the advantages of choosing a style more appropriate to the problem at 
hand. Programming style is defined as a way of organizing the ideas on the basis of some conceptual 
mtxte! of programming and using an appropriate language to write efficient programs. Five main kinds 
of programming styles are listed in Table 1.1 with the different types of abstraction they employ. 



Programming Sty le 


Abstraction Employed 


P roeedure*o ri ented 
1 Object-oriented 
Logic -oriented 
Rule-oriented 
Constraint-oriented 


Algorithms 
Classes and Objects 

Goals* often expressed in predicate calculus 
if-then -else rules 
Invariant relationship 



Table 1.1: Types of programming paradigms 



There is not a single programming style that is best suited for all kinds of applications. For example, 
procedure-oriented programming would be best suited for the design of computation-intensive prob- 
lems* rule -oriented programming would be best suited for the design of a knowledge base, and logic- 
oriented programming would be best suited for a hypothesis derivation. The object-oriented style is 
be^t suited for a wide range of applications; indeed, this programming paradigm often serve# as the 
architectural framework in which other paradigms are employed. Each one of these styles of program* 
tiling require a different mindset and a different way of thinking about the problem, based on their own 
conceptual framework. 
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The emergence of data-driven methods provides a disciplined approach to the problems of data 
abstractions in algorithmic oriented languages. It has resulted in the development of object*baseC 
language supporting only data abstraction. Object-based languages do not support features such as 
inheritance and polymorphism which will be discussed later. Depending on the object features sup- 
ported, the languages are classified into two categories: 

1 . Object- Based Programming Languages 

2. Object-Oriented Programming Languages 

Object-based programming languages support encapsulation and object identity without support- 
ing important features of OOP languages such as polymorphism, inheritance, and message based 
communication. Ada is one of the typical object- based programming languages. 

Object- based language = Encapsulation + Object Identity 

Object-oriented languages incorporate all me features of object-based programming languages 
along with inheritance and polymorphism. Therefore, an object-oriented programming language is 
defined by the following statement: 

Object-oriented language - Object based features +. Inheritance + Polymorphism 

The tipbiogy of object-oriented programming languages is shown in Figure 1 .6 for small, moderate, 
and large projects. The modules represent the physical building blocks of these languages; a module is 
a logical collection of classes and objects, instead of subprograms as in the earlier languages. Thus 
making classes and objects as the fundamental building blocks of OOPs. 




Figure 1.S: Object oriented programming 

Object-oriented programming is a methodology that allows the association of data structures with 
operations similar to the way it is perceived in the human mind. They associate a specific set of actions 
with a given type of object and actions are based on these associations. 

The following are the important features of object-oriented programming: 

* Improve men t over the structured pro gram rm ng paradigm 

* Emphasis on data rather than algorithm 

* Data abstraction is introduced in addition to procedural abstraction 
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* Data and associated operations are unified into a single unit, thus the objects are grouped with 
common at tributes operations and semantics 

* Programs are designed around the data being operated, rather than operations themselves (data 
decompose ion rather than algorithmic decomposition) 

* Relationships can be created between similar yet distinct data types 
Examples: C++, Smalltalk* Eiffel. Java* etc. 

1 A Structured Versus Object-Oriented Development 

Program and data are two basic elements of any computation. Among these, data plays an important 
role and it can exist without a program, but a program has no relevance without data. The conventional 
high level languages stress on the algorithms used to solve a problem. Complex procedures have been 
simplified by structured programming which is well established to date. Software designers and pro- 
grammers have faced difficulty in the design, maintenance, and enhancement of software developed 
using traditional languages, and their search for a better methodology has resulted in the development 
of the object-oriented approach. In the conventional method* the data are defined as global and acces- 
sible to all the functions of a program without any restriction. It has reduced data security and integrity, 
since the entire data is available to all the functions and any function can change any data without 
impunity. (Sec Figure 1.7.) 

Unlike the traditional methodology (Function-Oriented Programming -FOP), Object-Oriented 
Programming emphasizes on the data rather than the algorithm. In OOPs* data is compartmentalized or 
encapsulated with the associated functions (that operate on it) and this compartment or capsule is 
called an object , In the OO approach, the problem is divided into objects, whereas in FOP the problem 
is divided into functions. Although* both approaches adopt the same philosophy of divide and con- 
quer, CHIP conquers a bigger region, while FOP is content with conquering a smaller region. OOP " j 
contains FOP and so OOP can be referred to as the super set of FOP (like C++* which is a superset of C ) 
and hence* it can be concluded that OOP has an edge over FOP. 
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1 .5 Elements of Object-Oriented Programming 

Object-Oriented Programming is centered around new concepts such as objects, classes, polymor- 
phism, inheritance* etc. It is a well -suited paradigm for the following; 

# Modeling the real- world problem as dose as possible to the user's perspective. 

* Interacting easi ly with computational en vironment usin g f ami! iar metaphors . 

* Constructing reusable software components and easily extendable libraries. 

# East ly modi fy ing and extend i n g implementations of components without ha vi ng to rec ode e very 
thing from scratch. 

A language’s quality (and its elements) is judged by twelve important criteria. They are a well 
defined syntactic and semantic structure * reliability, fast translation, efficient object code, orthogo- 
nality (language should have only a few basic features* each of which is separately understandable). 
machine independence, provability, generality, consistency with commonly used notations, subsets, 
uniformity „ and extensibility. The various constructs of OOP languages (such as C++) are designed to 
achieve these with ease. 

Definition of OOP 

In the 70s, the concept of the object became popular among researchers of programming languages. An 
cbject is a combination or collection of data and code designed to emulate a physical or abstract 
entity. Each object has its own identity and is distinguishable from other objects. Programming with 
objects is as efficient as programming with basic data items such as integers, floats, or arrays. Thus, it 
provides a direct abstraction of commonly used items and hides most of the complexity of implementa- 
tion from the users, 

Object-Oriented Programming is a programming methodology chat assoei ales data structures with a 
st t of operators which act upon it. In OOPs terminology, an instance of such an entity is known as an 
object. It gives importance to relationships between objects rather than implementation details. Hiding 
the implementation details within an object results in the user being more concerned with an object's 
relationship to the rest of the system, than the implementation of the object's behavior. This distinction 
is a fundamental departure from earlier imperative languages (such as Pascal and C), in which functions 
and function calls are the centre of activity. 

C++ Style of OOP Definition 

Grady Booch* a renowned contributor to the development of object-oriented technology defines OQFs 
as follows; OOP is a method of implementation in which programs ate organized as co operative 
collections of objects, each of which represents an instance of some class and whose classes are all 
members of a hierarchy of classes united through the property culled inheritance 

Three important concepts to be noted in the above definition are; objects, classes, and inheritance. 
OOP uses objects and not algorithms as its fundamental building blocks. Each object is an instance of 
some class, Classes allow the mechanism of data abstraction for creating new data types. Inheritance 
allows building of new classes from the existing classes. Hence, if any of these elements are missing in 
u program, then, it is not object-oriented, In particular* a program without inheritance is 
definitely not an object oriented one; it resembles the program with abstract data types. 
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Unlike traditional languages! GO languages allow Localization of data and code and restrict other 
objects from referring to its local region, OOP is centered around the concepts of objects, encapsula- 
tions, abstract data types, inheritance, polymorphism, message based communication, etc. An 00 
language views the data and its associated set of functions as an object and treats this combination as 
a single entity. Thus, an object is visualized as a combination of data and functions which manipulate 
them. 



Object 




Figure 1,8: Object-oriented paradigm 

During the execution of a program, the objects interact with each other by sending messages and 
receiving responses. For instance, in a program to perform withdrawals from an account, a customer 
object can send a withdrawal message to a bank account object. An object communicating with other 
objects need not be aware of the internal working of the objects with which it interacts. This situation 
is analogous to operating a television receiver, a computer, or an automobile, where one need not know 
the internal operations since these machines provide the user with some system controls that hide the 
complexity of internal structure and working. Likewise, an object can be manipulated through an inter- 
face that responds to a few messages. The object's internal structure is totally hidden from the user and 
this property is called data/mformatian hiding or data encapsulation , 

The external interfaces are implemented by providing a set of methods (functions), each of which 
accepts and responds to a particular kind of message (see Figure L8). The methods defined in an 
object's class are the same for all objects belonging to that class but, the data is unique for each object. 



* 
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1.6 Objects 

Initially! different parts (entities) of a problem are examined independently. These entities are chosen 
because they have some physical or conceptual boundaries that separate them from the rest of iht 
problem. The entities are then represented as objects in the program. The goal is to have a clear 
correspondence between physical entities in the problem domain and objects in the program, A well 
designed object oriented program is organized according to the objects being manipulated. 

Figure 1 ,9 shows few entities and each of them can be treated as an object. In other words, an object 
can be a person, a place, or a thing with which the computer must deal Some objects may correspond 
to real-world entities such as students, employees, bank accounts, inventory items, etc., whereas, 
others may correspond to computer hardware and software components. Hardware components in- 
clude a keyboard, port, video display, mouse, etc,, and software components include stacks, queues, 
trees, etc. In an application simulating a parking lot, car, parking spaces, traffic signals, or even the 
persons manning the parking lol can be conceptualized as objects. Objects can be concrete such as a 
file system, or conceptual such as a scheduling policy in a multiprocessor operating system. Objects 
mainly serve the following purposes: 

* Understanding of the real world and a practical base for designers. 

* Decomposition of a problem into objects depends on judgement and nature of the problem. 




Figure 1,9: Examples of objects 



Every object will have data structures called attributes and behavior called operations. The different 
notations of an object uniting both the data and operations, are shown in Figure 1.10, 

Consider the object account having the attributes : AccountNumber, AccountType , Name, and Bal- 
ance and operations .Deposit, Withdraw, and Enquire. Its pictorial notation is shown in Figure 1.11. 
Each object will have its own identity though its attributes and operations are same; the objects will 
never become equal. In case of person object for instance, two persons have the same attributes like 
ncme y age, and sex, but they are noi equal (technically). Objects are the basic run-time entities in ar 
c eject- oriented system. 
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Person Objects 




Vehicle Objects 



Abstract-- 
into * 



Person Class 

Attributes: Name, Age, Sex 
Operations: Spea k ( } ( Li sten f ) , wal k ( > 



\ 



yT7 ?n^ 

^Sj >2?* 




Abstract 

Into 



Vehicle Class 

Attributes: Name, Model, Color 

Operations: Start (} , stop {} , Accelerate ( ) | 



Polygon Class 

Abstract Attributes: Vertices, Border, 

Into Color, FiilColor 

Operations: Draw(), Erased , Move(l 



Figure 1.12; Objects and classes 

Every object is associated with data and functions which define meaningful operations on that 
object. For instance, in C++, related objects exhibiting the same behavior are grouped and represented 
by ft class in the following way: 
class account 
( 

private : 

char Marne 1 2 0 J; // data members 

int AccountT/pe; 
int Ac coun t Number ; 
float Balance; 
public : 

Deposit 0; // member functions 

Withdraw ^ } ; 

Enqu i re {) ; 

}; 
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Class: T res 



Attributes: 

SalesPrico 

TimetoCut 



Operations; 

Com pule Profit 




Class: Tree 



Attributes: 
Food Value 



Operations: 
Compute Flight 





Woodsman 



Tax Assessor 



Figure 1,1 3; Multiple views of an object-oriented tree 

1 .9 Encapsulation and Data Abstraction 

Encapsulation is a mechanism that associates the code and the data it manipulates and keeps them safe 
from external interference and misuse. Creating new data types using encapsulated ‘items, that are well 
suited to an application to be programmed, is known &sdata abstraction. The data types created by the 
data abstraction process are known as Abstract Data Types (ADTs), Data abstraction is a powerful 
technique, and its proper usage will result in optimal, more readable, and flexible programs. 




Figure 1 ,14; An abstract data type 
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gets all the features of th^ polygon. Further, the polygon is a closed figure and so, the rectangle inherits 
all the features of the closed Figure, 




Figure 1 ,16: Inheritance graph (class hierarchy) 

Multiple Inheritance 

In the case of multiple inheritance, the derived class inherits the features of more than one base class. 
Consider Figure I, 17, in which the class Child is inherited from the base classes Parent I and Parent 2. 
Here, the class Child possesses all the properties of parents classes in addition to its own. 



Base or Super Classes 



Derived or Sub Class 



Figure 1 ,17: Multiple inheritance 

Benefits of Inheritance 

There are numerous benefits that can be derived from the proper use of inheritance, which include the 

following: 

# The inherited code that provides the required functionalities, does not have to be rewritten. Benefits 
of such reusable code include, increased reliability and decreased maintenance cost because of 
sharing by all the users, 

* Code sharing can occur at several levels. Fore sample, at a higher level* individual or group users can 
use the same classes, These are referred to as software components. At a lower level, code can be 
shared by two or more classes within a project 
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♦ Inheritance will permit the construction of reusable software components. Already, several such 
libraries are commercially available and many more are expected to come. 

# When a software system can be constructed largely out of reusable components, development time 
can be concentrated for understanding that portion of the system which is new and unusual. Thus, 
software systems can be generated more quickly* and easily, by rapid prototyping. 

All the above benefits of inheritance emphasize code reuse, ease of code maintenance* extension, 
and reduction in development time. 



1.11 Delegation - Object Composition 

Most people can understand concepts such as objects* interfaces* classes* and inheritance. The chal- 
lenge lies in applying them to build flexible and reusable software. The two most common techniques for 
reusing functionality in object-oriented systems are class inheritance and object composition. As 
explained, inheritance is a mechanism of building a new class by deriving certain properties from other 
classes. In inheritance* if the class D is derived from the class B, it is said thatD is a kind of B. The new 
approach to object composition, takes a view that an object can be a collection of many other objects* 
and the relationship is called a has- a (D has- a B) relationship or containership. 

Delegation is a way of making object composition as powerful as inheritance for reuse. In delega- 
tion* two objects are involved in handling a request: a receiving object delegates operations to its 
delegate. This is analogous to subclasses sending requests to parent classes. In certain situations, 
inheritance and cpntainership relationships can serve the same purpose. For example, instead of creat- 
ing a class Window as a derived class of Rectangle (because* the window happens to be rectangu- 
lar), the class Window can reuse the behavior of Rectangle by having a Rectangle instance variable 
and delegating the Rectangle specific behavior to it. In other words, instead of the class Window 
being a Rectangle, it would have a Rectangle composed into it* Window must now forward all requests 
to its Rectangle instance explicitly. In inheritance* it would have inherited the same operation from the 
class Rectangle, The Window class delegating its Area operation to a Rectangle instance is depicted in 
Figure 1.18. 



Window 



Area( ) o 



Rectangle 

delegating ^ — 

► Area{ ) o 

width | 

heigh! ! 

L. 

i 

i 

i 

i 



E 

return rectangle->Area( ); 



— ns 

return width * height; 



Figure 1.18: Delegation -object composition 
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Delegation makes it easy to compose behavior at runtime and to change the manner, they are 
composed. The window can become circular at runtime, simply by replacing its Rectangle instance with 
a Circle instance, assuming Rectangle and Circle have the same type. Thus, delegation shows that 
inheritance can be replaced with object composition as a mechanism for code reuse. 

1.12 Polymorphism 

In the real world, the meaning of an operation varies with context and the same operation may behave 
differently, in different situations. The move operation, for example, behaves differently on the class 
person, and on the class polygon on the screen. A specific implementation of an operation by a certain 
class is called a method. An object oriented operation, being polymorphic, may have more than one 
method of implementing it. The word polymorphism is derived from the Greek meaning many forms. It 
allows a single name to be used for more than one related purpose, which are technically different. The 
following are the different ways of achieving polymorphism in a C++ program: 

* Function Name Overloading 

* Operator Overloading 

* Dynamic Binding 

Polymorphism permits the programmer to generate high level reusable components that can be tailored 
to fit different applications, by changing their low level parts. 

Dynamic Binding 

Binding refers to the tie-up of a procedure call to the address code to be executed in response to the cal i. 
Dynamic binding (also called late binding) means that the code associated with a given procedure call 
is not known until its call at run- time. For example, consider a graphics application (sec Figure 1 . 1 7), in 
which the class Figure t contains a procedure draw O - By inheritance, every graphics primitive in th s 
diagram has a procedure draw ( ) , The draw ( ) algorithm is, however, unique to each graphical shapj, 
and so the draw ( ) procedure will be redefined in each class that defines a graphic primitive. To redraw 
the entire graphics window, the following code will suffice: 
for i = 1 to number _of_shape a do 
ptr_to_f igure [ i J ->drawO ; 

At each pass through the loop* the code matching the dynamic type of ptr„to_f igur© [ i ] will be 
called. Even if additional kinds' of shapes are added to the system, this code segment will still remain 
unchanged, litis is; in contrast to the traditional case/ switch statement design of a program. 

Another example could be that of an operation print in a class File. Different methods could be 
implemented to print ASCII files, binary files, digitized picture files, etc. All these methods logically 
perform the same task - printing a file; thus the corresponding generic operation is print. However, 
the individual methods may each be implemented by a different code. 

1.13 Message Communication 

In conventional programming languages* a function is invoked on a piece of data (function-driven 
communication ), whereas in an object-oriented language, a message is sent to an object (message- 
I driven communication). Hence, conventional programming is based on functional abstraction whereas, 
object oriented programming is based on data abstraction. This is illustrated by a simple example of 
evaluating the square root of a number. Fn conventional functional programming, the function sqrt lx) 
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for different data types (*'s type), will be defined with different names, which takes a number as an input 
and returns its square root. For each data type ofx, there will be a different version of the function sqrt. 
In contrast, in an 00 PL (Object* Oriented Programming language), the expression For evaluating the 
square root of x takes the form x . sqrt {) , implying that the object x has sent a message to perform 
the square root operation on itself Different data types of x t invoke a different function code for sqrt, 
hut the expression (code) for evaluating die square root will remain ihe same, By its very nature, OO 
(Object-Oriented) compulation resembles the clieni- server computing model. 

In object-oriented programming, the process of programming involves the following steps: 

+ Create classes for defining objects and their behaviors, 

♦ Define the required objects, 

+ Establish communication among objects through message passing. 

Communication among the objects occur in the same way as people exchange messages among 
themselves. The concept of programming, with the message passing model, is an easy way of modeling 
real-world problems on computers. A message for an object is interpreted as a request for the execution 
of a function, A suitable function is invoked soon after receiving the message and the desired results 
are generated within an object, A message comprises the name of the object, name of the function and 
the information to be sent to the object as shown in Figure 1.19. 




Message 

^r~ 



Information 



I Inf( 

T 



Student .Marks ( tiollNo 1 

Figure 1 .19: Object-oriented message communication 



Like in the real world, objects also have a life cycle! They can be created and destroyed automati- 
cally, whenever necessary. Communication between the objects can take place as long as they are 
altvel In Figure LI 9, student is treated as an object sending the message Marks to find the marks 
secured by the student with the specified Roll No. In this case, a function call Marks ( ) is treated as 
a message and a parameter RollNo is treated as information passed to the object. 

In OQPs, the correct method to execute an operation based on the name of the operation and the 
class of the object being operated, is automatically selected depending on the type or message re- 
ceived. The user of an operation need not be aware of the alternative methods available to implement a 
given polymorphic operation. New classes can be added without changing the existing code, but 
methods have to be provided for each applicable operation on the new class. 



1.14 Popular OOP Languages 

Every programming methodology emphasizes on some ne w concepts in programming. In 00 program- 
ming, the attention is focused on objects. In this, data do not flow around a system; it is the messages 
that move around the system. By sending messages, the clients (user/application program) request 
objects to perform operations. The kinds of services the objects can provide are known to the clients. 
This, basically, represents the client-server model, where the client calls on a server, which performs 
seme service and sends the result back to the client. The client must know the interface of the server, but 
tf e server need not know the interfaces of the clients, because all the interactions are initiated by clients 
using the server’s interface. 
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Feature 


C++ 


Smalltalk 
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Encapsulation 
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V 


V 


V 


Single inheritance 
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V 
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X 


V 


V 


V 


Multiple inheritance 
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Polymorphism 
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V 


V 


V 


V 


Binding 
(early or late) 


Both 


Late 


Both 


Both 


Early 


Both 


Early 


Late 


Concurrency 


Poor 


Poor 


Poor 


V 


Difficult 




Promised 


V 


Garbage collection 


X 


V 


V 


V 


X 


X 


V 


V 


Persistent objects 


X 


Promised 


X 


X 


Like 3GL X 


Limited 


X 


Gencricuy 


V 


X 


X 


X 


V 




V 


X 


Class libraries 


V 


V 


V 


V 


Limited 


V 


V 


V 



* Pure object -oriented languages 
K * Object-based languages 

Others arc extended conventional languages 



Table 1,2: Comparing object-oriented language features 

Every OO language implements the basic 00 concepts in a different way. They vary in their support 
of some of the advanced OO concepts such as multiple inheritance, class library, memory management, 
templates, exceptions, etc. Some of the popular OO languages namely C++, Smalltalk, Eiffel andCLOS 
are discussed. The genealogy of different languages is shown in Table 1.2 indicating various features 
supported by them. 

One great divide in programming exists between exploratory programming languages that aim at 
dynamism and run-time flexibility, and software engineering languages which have static typing and 
other features that aid verifiability and/or efficiency. While both languages have their applications, the 
latter group to which C++ belongs, is of interest for further discussion. Smalltalk is the best- known 
representative of the former group. 

C++ 

Bjarne Straus trup developed C++ at AT Sl T Bell laboratories as an extension of C in the year 1980, fin 
fact, C was also invented at the same place by Dennis Ritchie in the early 1970’s). C++ was first installed 
outside the designer's research group in July, 1983; however, guile a few current C++ features had not 
been invented. Suggested advantages of C++ are the "...previous C users can quite well upgrade 
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are declared private. Only the methods of a class can access its private at tributes: Attributes declared 
protected, are accessible to subclasses, but not to a direct client object like private members. Methods 
declared in a superclass are also inherited. If a method can be overridden by the subclass, then It must 
be declared virtual in its first appearance in a superclass. Thus, the need to override the method must be 
anticipated and written into the base class itself, C++ does not support the concept of dynamic binding 
in a thorough sense and hence it is (some times) considered as a poor OOP language, 

Smalltalk 

Smalltalk is the first popular OG language developed at Xerox's Palo Alto Research Center (PARC), 
Apart from being a language, it has a development environment, Smalltalk programs are normally 
entered using the Smalltalk browser. Objects are called instance variables. All Smalltalk objects are 
dynamic, and are allocated from a heap, Smalltalk offers fully automatic garbage collection and 
deallocation is performed by a built-in garbage collector. All variables are untyped and can hold objects 
of any class. New objects are created using the same message passing mechanism used for operations 
on objects. All attributes are private to Ihe class. There is no way to restrict the operations of a class* All 
operations are public* 

Inheritance is achieved by supplying the name of the superclass. All attributes of the superclass are 
available to all its descendants. All methods can be overridden. The standard implementation of Smalltalk 
does not support multiple inheritance, Smalltalk is weakly typed, so errors are more likely to appear at 
runtime. It provides a highly interactive environment, which permits rapid development of programs. It 
has a rich class library designed to be extended and adapted by adding subclasses to meet the needs of 
a specific application. 

Charm ++■ 

Charm++ is a portable, concurrent, object-oriented system based on C++. It is an extension of C++ and 
provides a clear separation between sequential and parallel objects. The execution model of Charm++ is 
message driven, which helps the programmer to wnte programs that are latency- tolerant. The language 
supports multiple inheritance, dynamic binding, overloading, strong typing, and reuse of parallel ob- 
jects* Chann++ provides specific modes for sharing information between parallel objects. It is based on 
the Charm parallel processing system and its runtime system implementation reuses most of the runtime 
system of Charm, Extensive dynamic load balancing strategies are provided. Charm++ has been imple- 
mented to run on different parallel systems, including shared memory machines (e.g. s Sequent Symme- 
try), non -shared machines (e.g. T nCUBE/2) t uniprocessor, and network of workstations, 

Java 

The Java programming language is the result of several years of research and development at SUN 
(Stanford University Net) Microsystems* Inc*, USA, SUN defines Java as follows: Java is anew, simple , 
object- o rented? distributed^ portable, architecture neutral, robust, secure, multi- threaded, inter- 
preted, and high-performance programming language . Java is mainly intended for the development of 
object-oriented network based software for Internet applications. Its syntax is similar to C and C++, but 
it omits semantic features thal make C and C++ complex, confusing, and insecure. It does not support 
some of the more difficult to use features of C++ such as pointers. It also features built-in safety 
mechanisms (like absence of pointers) which provide some level of security on network. Hence, Java as 
a logical successor to C++ can also be called as C++--++ (C-plus-pl us- minus- minus-plus-plus he,, 
remove some difficult to use features of C++ and add some good features). 

lava is the first language to provide a comprehensive, robust, plat form -independent solution to the 
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challenges of programming Tor the Internet and other complex networks. Java features portability, 
security and advanced networking without compromising on performance. Sun Microsystems 
traditional family of SPARC processors, as well as processors of other architectures; will run Java 
software. By optimizing the new Java processor family for Java-only applications* an unprecedented 
level of price versus performance will be reached. Java was initially designed to address the problems of 
building software for small distributed systems to embed in consumer devices. As such it is designed 
for heterogeneous networks, multiple host architectures* and secure delivery. To meet these require- 
ments* compiled Java code had to survive transport across networks, operate on any client, and assure 
the client that it is safe to run. 

Java's future is promising. It is robust, object-oriented* and portable (source and byte code-execut- 
able) i.e. T Java's application byte code runs on any platform without any modification or re- com pi I at ion; 
Java byte codes arc interpreted by Java Virtual Machine (JVM) running on a local machine, lava 
integrates the flexibility of interpreted languages and pow er of compiler languages. Java comes bundled 
with a suite of classes for GUI (Graphical User Interface)* multithreading, networking, file I/O, and the 
like. To add to this, APIs (Application Program Interface) for database access (Java Database Connec- 
tivity), more robust multimedia processing, and remote object access are in the development. 

1.15 Merits and Demerits of 00 Methodology 

OOP systems are sold on the promise of improved productivity through object reuse and high level of 
code modularity. These aspects precisely lead to their greatest benefit, namely improved software 
quality, considering the objective of 00 design is to mirror the real world objects in the software 
systems. GO languages have many advantages over traditional procedure-oriented languages. 

Advantages 

Wc perceive the world around us as being made up of objects and the brain arranges this information 
inro chunks (groups), OO design uses objects in a programming language, which aids in trapping an 
existing pattern of human thought into programming 

Since the objects are autonomous entities and share their responsibilities only by executing meth- 
ods relevant to the received messages, each object lends itself to greater modularity. Cooperation 
among different objects to achieve the system operation is done through exchange of messages. The 
independence of each object eases development and maintenance of the program. 

Information hiding and data abstraction increase reliability and help decouple the procedural and 
representational specification from its implementation. Dynamic binding increases flexibility by permit- 
ting the addition of a new class of -objects without having to modify the existing code. Inheritance 
coupled with dynamic binding enhances the reusability of a code, thus increasing the productivity of 
a programmer. 

Many 00 languages provide a standard class library that can be extended by the users, thus saving 
a lot of coding and debugging effort. Reducing the amount of code simplifies understanding and thus 
allows to build reliable programs. Code reuse is possible in conventional languages as well, but 00 
languages greatly enhance the possibility of reuse. 

Object-oriented design involves the identification and implementation of different classes of ob- 
jects and their behavior. The objects of the system closely correspond and relate in a one-to-one 
manner to the objects in the real world. Thus* it is easier to design and implement the system consisting 
of objects, as observed and understood by the brain. 
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Object oriental ion provides many other advantages in the production and maintenance of software; 
shorter development limes, high degree of code sharing and malleahil ity (can be moulded to any shape l 
These advantages make 00 Ps an important technology for building complex software systems. 

Disadvantages 

The runtime cost of dynamic binding mechanism is ihc major disadvantage of object oriented lan- 
guages, The following were the demerits of adopting object- orientation in software developments in 
the early days of computing {some remain forever): 

* Compiler overhead 

* Runtime overhead 

* Re orientation of software developer to object-oriented thinking 

* Requires the mastery over the following areas: 

* Softwaie Engineering 

* Programming Methodologies 

* Benefits only in long run while managing large software projects, atleast niiideraldy large ones. 

Object oriented concepts arc becoming important in many areas of computer science* including 

programming, graphics, CAD systems, databases, user interfaces, application integration platforms, 
distributed systems and network management architectures. OO technology is more than just a way of 
programming. It is a way of thinking abstractly about a problem using real world concepts rather than 
computer concepts. 

Although object orientation has been around For many years, it is only recently that it has received 
major attention from vendors and methodologists. OO programming is gradually picking up as an 
important technology for building complex software systems. For any programming language to sue 
ceed, it must be easy to learn i.c., programmers must be able to master language constructs easily; they 
must be able to reuse code written by them earlier without much modi fications in a new software project: 
and above all, the programming language should be received well by application arid system software 
developers. The following sections (OO Learning Curve* Software Reuse, and Objects Hold the Key) 
discuss these issues by taking object-oriented methodologies into consideration. 

1.16 00 Learning Curve 

The transition from an early linear program min g language. BASIC, to the latest structured programming 
language, C. is easy as long as an if statement is an if statement, and a function is a function 
regardless of the language. While using function oriented methodology, the programmers need not 
think in terms of a specific language, because the individual syntax and capabilities are generally 
equivalent. 

Programming. in an object oriented paradigm, is different from programming in function oriented 
paradigm. Object-oriented programs should be structurally different from function oriented programs* 
Whereas a function -oriented program is organized around the actions being performed, a well designed 
object-oriented program is organized according to the objects being manipulated, This shift in perspec- 
tive causes trouble for function-oriented programmers stepping into an object-oriented programming 
environment. Obviously, they have to unlearn known concepts while switching to object-oriented 
programming. (The communication between subroutines takes place through an explicit call to a re- 
quired subroutine in the functional languages; whereas in OO languages, it takes place through mes- 
sage commun i cation . ) 

Object-oriented techniques have promised to produce faster, smaller, and easier-to-mainiain pro- 
g* aim. The difference between function-oriented and object-oriented programming is that the program- 
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A study or inheritance was conducted on nineteen C++ software systems ranging from language 
tools* Graphical User Interfaces and toolkits, applications, thread packages from public domain to 
proprietary systems implemented using C++. It revealed that, only 37 % of the systems have a median 
class inheritance depth greater than I. However, an individual inheritance tree can be deep. 

The inheritance depth varies from system to system depending on the application domain. Software 
systems that have been designed as applications also differ notably from the reuse libraries. The 
Graphical User Interface (GUI) applications tend to have greater reuse through inheritance. GUI soft- 
ware are more suitable for design with inheritance. The reuse of classes in a reusable software library is 
more than in an application system. Developers put more effort into the design of reusable libraries than 
application software. Therefore* the reuse software library developer can take greater advantage of 
inheritance. Experiments have revealed that, a lot of code and standard structures are common in many 
applications and a great improvement in programmers' productivity can be achieved by code reusabil- 
ity. Before the use of software components become an established methodology (code reuse), major 
efforts are needed in the area of reusable data, reusable architecture, and reusable design. 

Reusable Data: The concept of reusable data implies a standard data interchange formal. However 
there is no universal format to allow easy transport of data from one system to another. 

Reusable Architecture: The architecture of reusable components should have the following at- 
tributes; 

* all data descriptions should be external to the programs or modules intended Tor reuse 

+ all literals and constants should be external to the programs or modules intended for reuse 

* all input/output controls should be external to the programs or modules intended for reuse 

* the programs or modules intended for reuse should consist primarily of application logic 
Reusable Design: A factor affecting the software reusability is the non-availability of good design 
principles for major application types, 00 software components can be designed in a consistent way 
and can become a defacto standard for further development. 

Reuse and Porting 

Software reuse refers to the usage of existing software knowledge or artifacts to build new software 
artifacts. It is sometimes confused with porting. Reuse and porting are distinguished as follows: Reuse 
refers to using an asset in different systems; Porting is moving a system across different environments 
(moving software from DOS to UNIX operating system) or platforms (moving software from x86 to 
SUN's UltraSPARC processor). For example, in Figure 1.21, a component in System A is used again in 
System B, which is an example of reuse. System A, developed for Environment 1 , is moved into Environ- 
ment 2, which is an example of porting. 




Figure 1 *21 : Reuse versus porting 
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Factors influencing Reuse 

An organization irying to improve systematic reuse, should concentrate on educating developers 
about reuse so as to improve their understanding of the economic feasibility of reuse, instituting a 
common development process, and making high-quality assets available to developers (see Figure 
1 .22a). The other factors (see Figure 1 22b), do not seem to be important, inspite of conventional 
wisdom. It should be understood, however, that these conclusions are based on data gathered from the 
industries; the salient factors of a particular organization may be different, The best course is to inves- 
tigate the factors affecting reuse in the target organization (through surveys, case studies, or other 
techniques), and take action based on those results. 




(a) Factors Affecting Reuse 




(b) Factors Not Affecting Reuse 



Figu re 1 ,22; Effects on systematic reuse of the factors 
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1 .1 8 Objects Hold the Key 

Popularity of 00 Ps in the development of most software systems with case, has created a great deal of 
excitement and interest among software communities. OOP finds its application from design of database 
systems to the future generation operating systems, which have computing, communication, and 
imaging capabilities built into it. Today, OOP is used extensively in the design of Graphics User Inter- 
faces on systems such as Windows. Some promising applications of OOP include the following: 

* Object-Oriented Database Systems 

* Obj ect-Orien ted Operaii ng Sy s terns 

* Graphical User Interfaces 

* Window based Operating System Design 

* Simulation and Modeling Studies 

* Multi medi a Appl icati on s 

* Design Support Systems 

+ O ffi ce An tomation $y stem s 

* Real-Time Systems 

+ Computer A ided Desig n/M arm fact ur i ng (CAD/CAM ) systems 

* Com pute r- B ased T rai ni ng and Educ at i on al S vstems 

The object-oriented paradigm, which initial i : started with the introduction of QO programming 
languages, has moved into design, and recently even into analysis. Thus, new object technologies 
such as object-oriented analysis and object-oriented design have emerged and are getting mature. OO 
technology not only increases the productivity of the developer, but also increases the quality of the 
software systems. A software designer will think, analyze, design, implement, and even maintain future 
software systems in terms of object-oriented technology, 

OOP- based computing solutions are expected to hold the key in the development of application and 
system software. Operating systems (OSs H ) of the future will be OOPs-based and compatibility and 
interoperability will no longer be a critical issue. OOPs is to tomorrow's OSs ' what C means to UNIX in 
the form of portability, in fact UNIX and C are a made- for-each- other couple. Sophisticated features of 
today's operating systems like Networking, Internet Connectivity, Multimedia, Database management, 
etc,, will all be represented as objects. Spreadsheets can look up data by automatically retrieving it from 
a database. Object-based Internet connectivity feature can automatically locate information on the 
World Wide Web (WWW) and load this data into the local database. It would lead to fewer bugs and 
the burden on virtual memory would be reduced by a large degree, since the code would be smaller. 
Instead of using swap files the way most applications do today, tomorrow's programs will communicate 
by passing messages through data structures in memory. A background program will monitor and 
continually dear up the stack, heap, and other critical data structures, thus reducing chances of a 
system crash and making them stable and reliable computing entities. Objects no longer in use will be 
automatically cleaned up by making use of destructors and the RAM made available dynamically. 

The features discussed above resembles Plug-and-Play, which allows a call to any object and get 
the job done anywhere (local or remote computing); and there will be no linking of applications (appli- 
cations will be dynamically linked when they are called upon to perform a particular task). System down 
time due to reinstallation will just disappear. New objects will be automatically added and made available 
to any program that needs them, thereby eliminating the redundancy of code, GOPs is an indispensable 
pan of the future, and it calls for an unconditional restructuring of today's methodologies. These 
features will automatically migrate to tomorrow's operating systems. 
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The usage of OO concepts in the development of futuristic operating systems sounds impossible 
yet fascinating. An QO-based operating system. Oberon, has already been implemented by Nicklaus 
Wirth, the chief proponent oF Pascal and Modula-2, Another implementation of Object-Oriented OS is 
Cronus. Cronus is a distributed operating system developed at BBN Laboratories Inc,, Massachusetts, 
to interconnect duster of heterogeneous computers on high-speed LANs (Local Area Networks), It 
supports three types of objects: primal objects (bound forever to the host that created them), migrat- 
ing objects (basis for system reconfiguration-load balancing to improve performance), and replicated 
objects (to achieve survivability). 

Object-Oriented Programming has made long lasting changes in programming methodology. The 
old style of programming referred to as structured programming is now dead, OOP has emerged as the 
winner. All new operating systems and development tools will support OOPs and make the life of the 
programmer easier and the life of the program longer. Revolutionary features of modem operating 
systems such as Object Linking and Embedding (OLE) in Microsoft Windows have given rise to the 
Common Object Model (COM), which is expected to become a standard and leading Object-Oriented 
Operating System. 

Review Questions 

1 ,1 Whal is a software crisis ? Justify the need for a new programming paradigm. Explain how object' 
oriented paradigm overcomes this software crisis. 

1*2 What is object-oriented paradigm ? Explain the various features of OO paradigm . 

13 Define the following terms related to OO paradigm: 

a) Encapsulation b) Data abstraction c) Inheritance d) Multiple Inheritance e) Polymorphism 
f) Message Passing g) Extensibility h) Persistence i) Delegation j) Containership k) Generic! ty 
I) Abstract Data Types m) Objects n) Classes 

1 *4 What are the programm i n g paradi gm s current! y avai lable ? Explai n the ir features wi th program- 
mi ng languages supporting them, 

1 3 Compare structured and OO Program m i ng paradigms , 

1.6 What are the elements of Object-Oriented Programming ? Explain its key components such as 
objects and classes with examples. 

1*7 Write an object representation (pictorial) of Student class. 

1*8 Explain multiple views of an object with a suitable example. 

1.9 What is the difference between inheritance and delegation ? Illustrate with examples. 

1 , W List different methods of realizing polymorphism and explain them with examples, 

1 . II What are the steps involved in OO Programming ? Explain its message communication model , 

132 List some popular OOP Languages and compare their object-oriented features. 

133 Which is the fust object-oriented language ? Explain the heritage of C+hk 
1*14 What is Java 7 Why is this language gaining popularity now-a-days ? 

135 Discuss the merits and demerits of object-oriented methodologies. 

1*16 What is software reuse ? What is the difference between reuse and porting ? What are the factors 
influencing the software reuse ? 

137 Identify reusable components in software and discuss how OOPs helps in managing them, 

1*18 Justify "Objects hold the key." List some promising areas of applications of OOPs. Discuss hov, 
object-oriented paradigm affects different elements of computing such as hardware architectures, 
operating systems* programming environments, and applications ? 
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2.1 Introduction 

C++ has borrowed many features from other programming languages. It includes* the commenting style 
from BCPL, the class concept with derived classes and virtual functions from Simula 67. It owes the 
concept of operator overloading and freedom to place definitions wherever necessary, to Algol 108, 
while the template facility and inline functions were borrowed from Ada. The concept of parametrized 
modules is borrowed from Clu programming language. 

This chapter is a guideline for C programmers to transit from C to C++ programming without really 
bothering about C++’s OOP features. Mastering non -class features of C++ will provide impetus to the 
user to appreciate the influence of object oriented concepts over the conventional style of program- 
ming. Even if the programmers are not interested in OO programming, the other benefits, which are 
essential for structured programming with C* can be found in a more powerful form in C++. For instance, 
features such as strict prototyping as demanded by the compiler and others such as function overload- 
ing, single-line comment function templates* etc., greatly improve productivity of the programmer. The 
various non-OOP features supported in C++ have greater role lo play while writing OOP based pro- 
grams, 

2.2 Hello World 

Similar to C, C++ programs must contain a function called main O , from which execution of the 
program starts. The function main 0 is designated as the starting point of the program execution and 
it is defined by the user. It cannot be overloaded and its syntax type is implementation dependent. 
Therefore, the number of arguments and their data type is dependent on the compiler. The most popu- 
larly used format for defining the function main! } is shown below: 

void main ( ) 

{ 

// Program Body 



> 

The traditional beginner's C program, usually called Hello World, is listed in hello . c. It has one 
of the heavily used header file & tdio „ h, included for supporting standard I/O operations. The pr int f 
statement outputs the string message Hello World on the console. The function body consists of 
statements for creating data storage variables called local variable and executable statements. Note 
that although the program execution starts from the main ( ) t the data variables defined by it are not 
visible to any other function. With all the pieces of the program in place, adWv^ris needed to initialize 
and start things. The function roain ( J serves as a driver function. 
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Sixth Line - Function End 

The end of a function body in a C/C++ program is marked by the dosing flower bracket { ) ). When the 
compiler encounters this bracket, it is replaced by the statement, 
return; 

which transfers control to a caller In this program, the last line actually marks the end of program and 
control is transferred to the operating system on termination of the program. 

Compilation Process 

The C++ program hello* cpp, can be entered into the system using any available text editor. Some of 
the most commonly available editors are Norton editor (ne), edline, edit, vi (most popular editor 
in UNIX environment)* The program coded by the programmer is called the source code . This source 
code is supplied to the compiler for converting it into the machine code. 

C++ programs make use of libraries. A library contains the object code of standard functions. The 
object code of all functions used in the program have to be combined with the program written by the 
programmer. In addition, some start-up code is required to produce an executable version of the pro- 
gram. This process of combining all the required object codes and the start-up code is called Unking 
and the final product is called the executable code * 

Most of the modem compilers support sophisticated features such as multiple window editing, 
mouse support, on-line help, project management support, etc. One such compiler is Borland C++. It can 
be invoked through command-line or integrated development en vironment (refer to Borland C++ devel- 
opers guide). 

Command Lino Compilation 

Most of the compilers support the command line compilation of a program. All the required arguments 
are passed to the compiler from the command line. For the purpose of discussion, consider the Borland 
C++ compiler (However this process is implementation dependent. For more details, refer to the manual 
supplied by the compiler vendor.) 

The command-line compiler is invoked by issuing the command: 
tcc filename. cpp tin the case of Turbo C+ + ) 
bcc f i 1 ename . cpp (in the case of Borland C++) 

at the DOS prompt. It creates an object File filename , ofoj, and an executable File filename . exe. 
In the case of multiple File compilation* they must be compiled through -c option to create only the 
object file as follows: 

tcc /bcc -c filename. cpp 

The linker is invoked to link multiple object files and to create an executable file through the explicit 
issue of the linking command: 

tlink f il enamel * ofoj filename 2 *obj < library nam$> 

The library file can also be passed as a parameter to the linker for binding functions defined in it. To 
create the executable of hello . cpp, issue the command bcc hello * cpp at the MS-DOS prompt. 

2.3 Streams Based I/O 

C++ supports a rich set of functions for performing input and output operations. The syntax of using 
these I/O functions is totally consistent, irrespective of the device with which I/O operations are 
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Although comments do not contribute to the runtime of a program, when used properly, they are the 
most valuable part of a piece of source code. 

The word cpp t in the program hel lo . cpp, is an acronym for CPlusPlus (C++). The compiler will 
recognize program as a C++ program only when it has an extension cpp. (However, the extension is 
compiler dependent and most of the compilers assume cpp as default extension. Some C++ compilers 
such as GNU under UNIX system, expect program files to have cc as an extension). 

Second Line - Preprocessor Directive 

The second line is a preprocessor directive. The preprocessor directive 
# include <iostream*h> 

includes all the statements of the header file iostream.h. It contains instructions and predefined 
constants that will be used in the program. It plays a role similar to that of the header file stdio . h of 
C. The header file i os t ream . h contains declarations that are needed by the cout and cin stream 
objects. Them are a number of such preprocessor directives provided by the C++ library, and they have 
to be included depending on the built-in functions used in the program. In addition, the users can also 
write preprocessor directives and declare them in the beginning of the program (usually, but they can 
be declared anywhere in the program). In effect, these directives are processed before any other executable 
statements in the source file of the program by the compiler. 

Third Lins - Function Declarator 

The third line in the program is 
void main ( ) 

Similar to a C program, the C++ program also consists of a set of functions. Every C++ program must 
have one function with name main, from where the execution of the program begins. The name main 
is a special word (not a reserved word) and must not be invoked anywhere by the user. The names of the 
functions (except main) are coined by the programmer. The function name is followed by a pair of 
parentheses which may or may not contain arguments. In this case* there are no arguments, but still the 
parentheses pair is mandatory. Every function is supposed to return a value, but the function in this 
example does not return any value. Such function names must be preceded by the reserved word void. 

Fourth Line - Function Begin 

The function body in a C/C++ program, is enclosed between two flower brackets. The opening flower 
bracket ( { ) marks the beginning of a function. All the statements in a function, which are listed after this 
brace can either be executable or non-executable statements. 

Fifth Line - Function Body 

The function body contains a statement to display the message Hello World. The output statement 
cout is pronounced as C-out {meaning Console Output). It plays a role similar to that of the print f ( ) 
in C The first statement in the wain ( 5 body (of course it is the last statement in the main ( } body in 
this case) 

cout << "Hello World" ? 

prints the message "Hello World" on the standard console output device (VDU, video display unit 
by default). It plays the role of the statement 
print f ( “Hello World" ) ; 
as in the hello „c program. 
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performed C++'s new features for handling VO operations are called streams. Streams are abstraction 
that refer to data flow. Streams in C++ are classified into 

+ Output Streams 
* Input Streams 



Output Streams 

The output streams allow to perform write operations on output devices such as screen, disk, etc, 
Output on the standard stream is performed using the cout object. C++ uses the hit- wise left-shift 
operator for performing console output operation. The syntax for the standard output stream operation 
is as follows: 

cout << variable,* 

The word cout is followed by the symbol «, called the insertion or put-to operator, and then with the 
items {variables/constants/expressions} that are to be output. Variables can be of any basic data type. 
The use of cout to perform an output operation is shown in Figure 2.2, 



object cout 

— ► insertion or put-to operator 

variable of standard or user defined data type 



SZl 



cout « variable! 





Variable 



Figure 2.2: Output with cout operator 

The following are examples of stream output operations: 

1. cout << “Hello World"; 

Z int age; 

cout << age; 

3, float weight; 
cout << weight; 

4, double area; 
cout << area; 

5, char code; 
cout << code; 

More than one item can be displayed using a single cout output stream object. Such output 
operations in C++ are called cascaded output operations. For example, output of the age of a person 
along with some message can be performed by cout as follows: 
cout << "Age = M « age; 

The cout object will display all the items from left to right. Hence, in the above case, it prints the 
message string "Age = 11 first* and then prints the value of the variable age. C++ does not enforce 
any restrictions on the maximum number of items to be output. The complete syntax of the standard 
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output streams operation is as follows: 

coot << variablel << variables << * * « variableN; 

The object coot must be associated with at least one argument. Like print f, a constant value can 
also be sent as an argument to the cout object, Following are some valid output statements 

COUt « 1 H ' ; 

cout « "Hello"; 
cout « 420; 
cout << 90,25; 
cout « 1234567; 

cout << * ■ ; // will display blank 

cout << " \n ■ ; // prints new line 

COUt << x << ■ H « y; 

The last output statement prints the value of the variable x followed by a blank character, and then the 
value of the variable y, 

The program output . epp demonstrates the various methods of using cout tor performing 
output operation, 

// OutpuLcpp: display contents of variables of different data types 
# include < lost ream. h> 
void main!} 

I 

char sex; 

char *msg - “C++ cout object®; 

lot age? 

float number; 

sex =• 1 M ' ; 

age = 24; 

number = 420 * 5 ; 

cout « sex; 

cout « n m « age << ■ ■ « number; 
cout << " \n" << msg << endl; 
cout « 1 << 2 « 3 « endl.; 
cout « number + 1 ; 
cout « H \n® « 99,99; 

} 

Bmb 

K 24 420. 5 

C++ cout object 

12 3 

421.5 

99*99 

The item endl in the statement 

cout « p \n" « msg endl; 

serves the same purpose as (linefeed and carriage return) and is known as a manipulator. It may 
be noticed that there is no mention of the data types in the I/O statements as in C. Hence, I/O statements 
of C++ are easier to code and use. C++, as a superset of C, supports all functions of C , however, they are 
not used in the above C++ program. 
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cin >> i >> j >> k; 

cin » name » age » address# 

The program read.cpp demonstrates the various methods of using cin for performing input 
operation, 

// read.cpp: data input through cin object 
•include <iostream ,h> 
void main ( } 

{ 

char name [25]; 
int age; 

char address [25] i 

// read data 

cout << "Enter Name; " ? 

cin >> name; 

cout << "Enter Age: ' ? 

cin >> age; 

cout « "Enter Address: ■; 
cin >> address? 

// output data 

cout « "The data entered are: * << endl; 
cout << “Name = ■ << name << endl? 
cout << "Age “ " << age « endl? 
cout << "Address = " « address? 

} 

Run 

Enter Name: Ralkumax 
Enter Age: 24 

Enter Address s € "DAC -Bangs lore 
The data entered are? 

Name = Rajkumar 
Age =24 

Address = C-DAC- Bangalore 

Performing I/O operations through the cout and cin are analogous to the print f and scanf of 
the C language, but with different syntax specifications. The following are two important points to be 
noted about the stream operations, 

* Streams do not require explicit data type specification in I/O statement 

* Streams do not require explicit address operator prior to the variable in the input statement 

In scanf and printf functions, format strings are necessary, while in the cin stream format 
specification is not necessary, and in the cout stream format, specification is optional. Format-free 
input and output are special features of C++, which make I/O operations comfortable for beginners, The 
input stream cin accepts both numbers and characters, when the variables are given in the normal 
form. The function scanf requires ampersand {&) symbol to be prefixed to a numeric or a character 
variable, (whereas, the string variables can be given as they are). One must, therefore, carefully follow 
8 he syntax requirements in coding the different statements. 
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Another point to be noticed is that, the operator << s is the same as the left-shift bit-wise operator 
and the operator >> T is the same as the right-shift bit-wise operator used in C and also in C++. In C++* 
operators can he overloaded, he,* the same operator can perform different activities depending on the 
context (types of data-i terns with which they are associated). The c out is a predefined object in C++> 
which corresponds to the output stream, and c in is an object in the input stream. Different objects are 
instructed to do specified jobs. 



2.4 Single Line Comment 

C++ has borrowed the new commenting style from Basic Computer Programming Language (BCPL), the 
predecessor of the C language. In C t comment(s) is/are enclosed between /* and *7 character pairs. It 
can be either used for single line comment or multiple line comment. 

Single line comment runs across only one line in a source program. The statement below is an 
example of single line comment: 

/* i am a single line comment */ 

Multiple line comment runs across two or more lines in a source program. The statement below is an 
example of multiple line comment. 

/* 1 am a multiple line comment „ 

Hope you got it* */ 

Apart from the above style of commenting, C++ supports a new style of commenting. It starts with 
two forward slashes i,e, N // (without separation by spaces} and ends with the end-oMine character. The 
syntax for the new style of C++ comment is shown in Figure 2,4. 



any C++ executable statement, optional 

two slash characters without spacing 

single line comment upto end of line 



r 



[any C++ statement] // I am a C++ comment 



Figure 2.4: Syntax of single line comment 

The following examples illustrate the syntax of C++ comments: 
int a cci // Account Number 

acc - acc + 1? // adding new account number for new customer 

In C, the above two statements are written as 

int acc; /* Account Number * / 

ace = acc +1; /* adding new account number for new customer */ 

The above examples of comments indicate that, C++ commenting style is easy and quicker for single line 
commenting. Although, C++ supports C style of commenting, it is advisable to use the C style for 
commenting multiple lines and the C++ style for comma tiling a single line. 
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Some typical examples of commencing are listed below: 

1. // this is a new style of comment in C++ 

2. /* this is an old style of comment in C++ */ 

3. // style of comment runs to the end of a line 

4. /* runs to any number of lines but hard to type and takes up more space 

and coding time also. */ 

5. (i) / * Here is a comment followed by an executable statement '*/ a * 100; 

(ii) // Here is a comment followed by a non-executable statement a = 100; 

The statement (i) has a comment followed by an executable statement a = 1 0 0 ; but, the statement 
(ii) is entirely treated as a commented line. 

Large programs become hard to understand even by the original author (programmer), after some 
time has passed. Even a few well-placed comments which explain why and what of a variable, expres- 
sion, statement, or block, help tremendously. Comments that simply restate the nature of a line of code, 
obviously do not add much value , but comments which explain the algorithm are the mark of a good 
programmer. 

Comments are integral pan of any program and they help in program coding and maintenance. The 
compiler completely ignores comments, therefore, they do not slow down the execution speed, nor do 
they increase the size of the executable program. Comments should be used liberally in a program and 
they should be written during the program developments but not as an after-thought activity. 

The program simpint . cpp for computing the simple interest demonstrates how comments aid in 
the understanding and improving redab ility of the source code. 

/ / simpint, cpp: Simple interest computation 
iinclude <iostream.h> 
void main ( ) 

( 

// data structure definition 
int principle; // principle amount 

int time; // time in years 

int rate; // rate of interest 

int Simpint; / / Simple interest 

int total; if total amount to be paid back after h time h years 

// read all the data required to compute simple interest 
cout << "Enter Principle Amount; - ; 
cin >> principle; 

cout << "Enter Time (in years) : *; 
cin » time? 

cout « "Enter Rate of Interest: *; 
cin » rate; 

// compute simple interest and display the results 
Simpint = (principle * time * rate) / 100; 
cout << "Simple Interest = " ; 
cout << Simpint; 

if total amount ~ principle amount + simple interest 
total = principle + Simpint; 
cout << lt \nTotal Amount = * ; 
cout « total; 

> 
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the input parameter with the cons t qualifier. The C++ program disp - cpp illustrates the mechanism 
of overcoming the problem of modifying constant variables. 

// dispxpp: display message in C+ + 

# Include <stdio.h> 

•include <string,h> 

void display! const char *msg 1 

C 

cout « msgj 

/* modify the message */ 

i $ strcpyt msg t “Misuse* 1 ) ; this produces a compilation error 

} 

Void main U 
C 

char string [151 # 

strcpy ( string, "Hello World* 1? 

display! string )j 

cout << endl « string; 

I 

Run 

Hello World 
Hello World 

The use of a statement such as, 

strcpy! msg f "Misuse" } ; 

in display (1 leads to a compilation error Thus, reminding the programmer regarding the accidental 
modification of read-only type variables will protect from common programming errors. 



2.6 Scope Resolution Operator :: 

C++ supports a mechanism to access a global variable from a function in which a local variable is 
defined with the same name as a global variable. It is achieved using the scope resolution operator . The 
syntax for accessing a global variable using the scope resolution operator is shown in Figure 2 6. 



Scope resolution operator: 
two colons without space 



C++ global variable 

j/ 



s ; GlobalVari&bl^Mame 



Figure 2.6: Syntax of global variable access 

The global variable to be accessed must be preceded by the scope resolution operator It directs the 
compiler to access a global variable, instead of one defined as a local variable, The program global . cpp 
illustrates the access mechanism to the global variable num from the function main { K which has a 
local variable by the same name. Thus, the scope resolution operator permits a program to reference 
an identifier in the global scope that has been Hidden by another identifier with the same name in ti*e 
local scope. 
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more* local variables can be defined in some statements, just prior to their usage, The program varl . =pp 
defines the variable in the for statement and its scope continues even after the for statement. 

// varl ,Cpp; defining variables at the point of use 
# include <iostreairuh> 
int main ( 1 
{ 

/ / variable i cannot be referred before 'for 1 statement 
for { int i - 0; i < 5j i++ } // variable i is defined and used here 
cout << i « endl; 

cout « it / / i visible after the 'for' statement also 
return ( 0 ) ; 

) 

Run 

0 

1 

2 

3 

4 

5 



In main O t the statement 

for t int -1^* Of i < 5; i++ ) 

creates the variable i inside the for statement. The variable does not e^isl prior to the statement* but 
continues to be available as a local integer variable even after the block scope of the for statement. 
The statement outside the for loop 
cout « i; 

refers to the variable created in the for loop. 

The program da £2 . epp illustrates the scope of variables and the usage of scope resolution 
operator, 

// dafl'Cpp: Variable a cope demonstration 

# include <iostream. h> 

int a 14 10; // global variable 

void main 1 1 

C 

cout « a « * \n* ; // uses global var iable 

int a = 20; 

{ 

int a = 30 ; 

cout << a << - \n*i // uses locally defined variable within a block 

cout << : j a « "\n"; // uses global variable 

) // variable a defined within a block goes out of scope here 
cout << a << "Vn"; / / uses local variable a defined near mainO 

cout << t:a<< ■\n w ; // uses global variable 

> 
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Run 

10 

30 

10 

20 

10 



The definition of variables at any position in the code can reduce code readablity, Therefore local 
variables should be defined at the beginning of a function, following the first {, or they should be 
created at intuitively right places. 

2.8 Variable Allases-Reference Variables 

C++ supports one more type of variable called reference variable, in addition to the value variable and 
pointer variables of C Value variables are used to hold some numeric values; pointer variables are used 
to bold the address of {pointer to) some other value variables. Reference variable behaves similar to 
both, a value variable and a pointer variable. In the program code, it is used similar to that of a value 
variable* but has an action of a pointer variable. In other words, a reference variable acts as an alias 
(alternative name) for the other value variables. Thus, the reference variable enjoys the simplicity of 
value variable md power of the pointer variable. It does not provide the flexibility supported by the 
pointer variable . Unlike pointer variable, when a reference is bound to a variable* then its binding cannot 
be changed. All the accesses made to the reference variable are same as the access to the variable, to 
which it is bound. The general format of declaring the reference variable is shown in Figure 2.7. 

— + standard or user defined data type: char, short, tot, float* etc, 

— » reference operator 

► C++ alias variable 

r — * C++ value variable 

DataType & Reference Variable ■ ValueVariablej 

Figure 2 .7: Syntax of reference variable declaration 

The reference variable must be initialized to some variable only at the point of its declaration. 
Initialization of reference variable after its declaration causes compilation error Hence, reference vari- 
ables allow to create alias (another name) of existing variables. The following examples illustrate the 
concept of reference variables. 

1. char & chi = ch; // chi is an alias of char ch 

2 int & a = b; // a is an alias of int to 

3. float fc x = yi 

4, double fit height - length r 

5L int &x = y [100] ; // x is an alias of y[lU01 element 

& int n; 

int *p m &n; 

int &m = *p; 
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These declarations cause m to refer n, which is pointed to by the pointer variable p. 

7 int knxrn = 100; // invalid 

This statement causes compilation error; constants cannot be made to be pointed to by a reference 
variable. Hence the rule, no alias for commnt value. 

Reference variables are not bounded to a new memory location, but to the variables to which they 
are aliases. For instance, the reference variable height is bound to the same memory location to which 
the value variable length is bound, The program refvar , cpp, illustrates the use of reference 
variables. 



/ / refvarxpp; reference variable for aliasing 
linclude <iosfcreairuh> 
void m#inU 
t 



1, b 
a; 

"a= " 



int ,a = 
inf kz 
cout « 

2 = b? 

cout « B a=* 
z ■ cj 

cout « B a=“ 



= 2 r c = 3; 

// variable z becomes alias of a 
<< a « * b=“ « b « ■ c=* « c << “ z 
// changes value of a to the value of 
« a « 9 b= m « b « 9 c= m « c « " z 
// changes value of a to the value of 
<< a « 1 << b << * c=" « c « ■ z 



eout«" &a^" << &a << ■ kb* " «&b << • &c= * « &e << 



b 


<< 


2 


« 


endl ; 


_ R 

c 


<< 


Z 


« 


endl ; 


SB 9 


<< 


Z 


« 


endl ; 


£cZ 


= * 


« & z « endl; 



Run 

a=l b=2 c=3 z=l 
a=2 b-2 c=3 z=*2 ' 
a=3 b=2 C»3 z=3 

&a=0xf f f 4 ib=0xf f f 2 &c-0xfff0 &z^=0xf£f4 



In main U , the statements 
z = b; 
z - a 

assign the value of variables b and c to the variable a since, the reference variable m is its alias variable. 
It can be observed that, in the last line of the above program output, the memory addresses of the 
variables a and z are same. The reference variables are bound to memory locations at compile time only. 
Consider the following statements: 

int n; 

int *p = kn; 
int am = *p; 

Here m refers to n, which is pointed to by the variable p- The compiler actually binds the variable m to 
n but not to the pointer. If pointer p is bound to some other variable at runtime, it does not affect the 
value referenced by m and n + It is illustrated in the program ref test . cpp. 



// reftestxpp: testing of reference binding 
• i nc lude < io s cream . h> 
void main ( ) 

{ 

int n - 100; 
int *p ■ = &n; 
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// newmax,cpp: maximum of two numbers 
# include <iostream. h> 

int maxt int a „ int b ) r (f prototype of max 

void main (> 

{ 

int x, y; 

cout << "Enter two integers t ■ ; 
cin >> x >> y; 

cout « "Maximum * « max £ x, y }; 

J 

int maxt int a, int b ) 

{ * 

iff a > b I 
return a; 
else 

return b; 

) 

Run 

Enter two integers: 10 20 
Maximum -20 

The advantages of strict type checking is that the compiler warns the users if a function is called 
with improper data types. It helps the user to identify errors in a function call and increases the reliability 
of a program. The program swapper r , epp show's notification of the compiler, when improper data 
type parameters are passed to the function. The program swap_©rr , cpp illustrates the detection of 
the statement calling the function with improper data items. 

if swap_err.cpp: swap integer values by reference 

♦include <iostream.h> 

void swap i int * x, int * y | 

{ 

int t; .// temporarily used in swapping 
t * *x; 

*x m *y; 

*y a t; 

} 

void main { ) 

{ 

int a, b; 

swapt fea, &b ) s if OK 

float c f d; 

swap { fee, fed ) ; // Errors 

} 

The compilation of the above program produces the following errors: 

Error swap_err.cpp 20: Cannot convert ‘float *' to ‘int ** in Function main{) 

Error swap_err.cpp 20: Type mismatch in parameter V in call to ‘swapfint *,mt *)' in function main() 
Error swap_err.cpp 20; Cannot convert ‘float *’ to *int ** in function mainQ 

Error swap„en\cpp 20: Type mismatch in parameter ‘y 1 in call to ‘swapfint *,int *>' in function main( ) 
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linkage mechanism is reduced. The program square. cpp uses an inline function in the computation 
of the square of a number 

f f square, cpp: square of a number using inline function 

# inc 1 ude < ios t ream . h> 

inline float square ( float x } 

f 

X s x * x # " 
return ( x } #- 

void main ( ) 

{ 

float num; 

cout « “Enter a Number <float>: “ ; 
cin >> num; 

cout -Its Square = ■ « square i num ) ; 

Run 

Enter a Number <f loat> i 5,5 
Its Square = 3 0.25 

in main ( I, the statement 

cout << "Its Square = " << square ( num ) ; 
invokes the ini ine function square ( * . ) . It will be suitably replaced by the instruction^) of the 
square ( . * ) function body by the compiler. The execution time of the function square f * * ) is less 
than the time required to establish a linkage between the function caller (calling function) and the 
callee (called function). This process involves the operation of saving the actual parameters and 
function return address onto the stack, followed by a call to the function* On return, the stack must be 
cleaned to restore the old status. This process is costlier in comparison to having square computation 
instruction within a program itself instead of a function. Thus, support of inline functions allow to 
enjoy the flexibility and benefits of modular programming, while at the same time delivering computa- 
tional speedup of macros. Functions having small body do not increase the code size even though they 
are physically substituted at the point of a call; there is no code for function linkage mechanism. Hence, 
it is advisable to define functions having small function body as inline functions. 

2.12 Function Overloading 

A word is said to be overloaded when it has two or more distinct meanings. The intended meaning of 
any particular use is determined by its context. In C++, two or more functions can be given the same 
name provided each has a unique signature (in either the number or data type of their arguments). 

In C++, it is possible to define several functions with the same name, but which perform different 
actions. It helps in reducing the need for unusual function names, making code easier to read. The 
functions must only differ in the argument list. For example 

swapf int, int } j // prototype 

swap f float, float ); // prototype 

From a user's view point, there is only one function performing swapping of numbers. 
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Consider the C program show, c having multiple show ( ) functions for displaying input messages 
to illustrate the importance of function overloading. 

/ * show.c: display different types of information with different functions */ 

I include <stdio.h> 

void show_integer ( int val ) 

{ 

printf t “ Integer; %d\n", vail I 

} 

void show_double( double val S 

C 

printf C* Double: %lf\n" f val ) % 

1 

void show„string( char *val ) 

i 

printf ("String: IsXn*. valh 

} 

int main O 

( 

show_integer ( 420 )? 
show_double I 3*1415 ); 
show_string ( "Hello World\n ! “ ) ; 
return! 0 If 

1 

Run 

Integer: 420 
Double: 3.141500 
String: Hello World 

i 

The above program has the following three different functions 

void show_integer ( int val ) ? 
void show_ double ( double val } ; 
void show_string( char *val ); 

performing the same operations, but on different data types. Logically, all the three functions display 
the value of the input parameters. It has unusual names such as show_ integer, show_double, 
etc., making the task of programming difficult and recalling function names although all of them perform 
the same operation logically. In C++, this difficulty is circumvented by using the feature of the function 
name overloading. All the functions performing the same operation must differ in input arguments data- 
type or in the number of arguments* The program show * epp equivalent of C§ show,c is written 
using function overloading features. 

// ihOW*€ppi display different types of information with same function 
# include <i©stream.h> 
void show! int val } 

{ 

coot « "Integer: p << val << endl; 

} 
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assigns the numeric value 3,1415 to d t which is a member of the structure variable what. The 
structure declaration and its use in the definition of variables is illustrated in the program date 1 . cpp. 

// datel.cpp: displaying birth date of the authors 
# include <iostream.h> 
struct date 

C //specifies a structure 

int day; 
int month; 
int year; 

}; 

void main { ) 

{ 

date dl = { 26, 3, 195B >; 
date d2 a { 14, 4, 1971 }j 
date d3 * { 1, 9, 1973 }; 

cout << "Birth Date of the First Authors * r 

cout << dl.day <c *-* « dl. month << i| - fl << dl,year << endl; 
cout « "Birth Date of the Second Author : ■ ; 

cout << d2 * day « * - " << d2 .month << B ~“ << d2 .year << endl; 
cout « "Birth Date of the Third Author: “ ; 

cout << d3,day << *-■ << d3. month << << d3 . year << endl; 

} 

Bun 

Birth Date of the First Author: 26-3-195B 
Birth Date of the Second Author: 14-4-1971 
Birth Date of the Third Author: 1-9-1973 

2. 1 5 Functions as a Part of a struct 

Structures in C++ have undergone major revisions. Like C structures, C++ structures also provide a 
mechanism to group together data of different types, into one unit belonging to the same family. In 
addition to this, C++ allows to associate functions as a pan of a structure* Thus, C++ structures provide 
a true mechanism to handle data abstraction. This is the first concrete example of the definition of an 
object, as described previously. An object is a structure containing all involved code and data. The 
general syntax of the C++ structure is; 
struct S tructureName 
( 

public : 

// data and functions 
private : 

// data and functions 
protected; 

// data and functions 

} i 

The structure has two types of members; data members and member functions. Functions defined 
within a structure, operate on any member of the structure, Hie keywords public* private, and 
protected are called access specifiers. If none of these keywords appear in the structure declaration, 
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achieved through explicit type conversion (the type cast operator). The syntax of type conversion 
specification in C and C++ is shown in Figure 2. 1 1 . 



data type is enclosed 
between parentheses 



variable name is enclosed 
between parentheses | 



{ Datatype } Variable 

Ex: ( int) age, ( float Jweight 



Dat aTyp e ( Var iabl e ) 

Ex: int {age ), float (weight ) 



(a) Type casting in C 



(b) Type casting in C++ 



Figure 2.11 ; Syntax of data type easting in C and C++ 

Consider the following statements 
float weight ; 
int age ; 
weight = age; 

where weight is of type float and age is of type int. Here, the compiler calls a special routine to 
convert the contents of age, which is represented in an integer format, to a floating-point format, so 
that it can be assigned to weight. The compiler has built-in routines for conversion of basic data 
types such as char to integer, float to double, etc. The feature of the compiler that performs data 
conversion without the user intervention, is known as implicit type conversion. 

The compiler can be instructed explicitly to perform type conversion using the type conversion 
operators known as type cast operator. For instance, to convert int to float, the statement is 
weight = (float) age; 

where the keyword float is enclosed between braces. Here, float enclosed between braces is the 
type casting operator , In C++, the above statement can also be expressed in a more readable form as 
weight = float ( age } ; 

The explicit conversion of float to int uses the same built-in routine as implicit conversions. The 
program cast . cpp illustrates the explicit type casting in C++. 

// cast.cpp: new style of typecasting in C+ + 

# include <iostream.h> 
void main() 

{ 

int a; 

float b = 420.5; 

cout << "int (10.4) = " << int ( 10.4 } << endl; 
cout << * int ( 10 . 99 ) = ■ << int ( 10.99 ) << endl; 
cout << "b = " « b « endl; 
a = int ( b ) ; 

cout << "a = int(b) - " << a << endl; 

b = float C a ) + 1.5; 

cout << "b = float (a) +1 . 5 = * << b; 



Copyrighted material 




Mastering C++ 







Chapter 2: Moving from C to C+* 



61 



/ / mswap cpp: Multiple swap functions 
♦include <iostream.h> 

void swap! char k x, char k y ) // pass by reference 
I 

char t ; // temporary used in swapping 

c = x; 
x - y; 

Y = t; 

} 

void swap | int & x, int & y ) // pass by reference 
{ 

int t; / / temporary used in swapping 
t = xi 
x = y; 
y = t; 

) 

void swap! float & x* float k y ) // pass by reference 

I 

float t ; if temporary used in swapping 
t = X7 
X = y; 

y = t; 

} 

void main ( } 

{ 

char chi , ch2 ; 

cout << "Enter two Characters <chl, ch2>; * ; 
cin » chi » ch2? 

swap ( chi, ch2 ); // compiler calls swap( char &a, char kb )i 
cout << "On swapping <chl # ch2> : “ << chi <<""<< ch2 << endl i 
int a f b ; 

cout << "Enter two integers <a, b> : ' ; 
cin » a » b; 

swap! a, b ); // compiler calls swap{ int 4a, int 4b > ; 

cout « h 0n swapping <a, b> : p « a << * p << b « endli 
float e t d; 

cout « "Enter two floats <c, d>: ’ ; 
cin >> c >> d; 

swap ( c, d } ; if compiler calls swap? float &a, float kb ) ; 
cout « "On swapping <c t d>: * « c « " * << d| 

} 

Run 

Enter two Characters <chl r ch2>: H K 
On swapping <chl , ch2>: K R 
Enter two integers <a f b>: 5 10 
On swapping <a, b >t 10 5 
Enter two floats <c , d>: 2fl^3_91L-5 
On swapping <c, d> : 99.5 20.5 

The above program has three swap functions 
void swap( char 4 x, char k y ); 
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void swap ( lot fe x, int & y >; 
void swaps float & x. float i y h 

whose logic for swapping is same. Such functions can be defined as template functions without rede- 
fining it for every data type. The program gswap . cpp makes all those functions as templates and 
avoids the overhead of writing the same pattern of code again and again, operating on different data 
types. 

// gswap.cpp; generic function for swapping 
♦include <iostream.h> 
template <class T> 

void swap f T & x ( T & y > //by reference 

{ 

T t ; // temporary used in swapping, template variable 

t = x; 
x = y; 
y = t; 

) 

void main O 

{ 

Char chi , ch2 ; 

cout << “Enter two Characters <chl x ch2> : “ ; 
cin » chi » ch2 i 

swap( chi, ch2 ); //compiler creates and calls swapf char &a f char &b ); 
cout << “On swapping <chl, ch2>s ■ « chi <<**<< ch2 << endl; 
int a, b; 

cout « “Enter two integers <a, b> : * ; 
cin >> a » b; 

swap! a r b ) j // compiler creates and calls swap { int &x , int &y } ; 
cout c< “On swapping <a r b>: m « a. « * * « b « endl; 
float Ci d; 

cout << “Enter two floats <c, d>: ■; 
cin >> c >> d; 

swap £ c, d 1; // compiler creates and calls swap (float kx, float &y ); 

cout << *0n swapping <c, d> : ■ « c « " * « d; 

) 

Bun 

Enter two Characters <chl, ch2> : R K 
On swapping <chl , ch2>; K R 
Enter two integers <a f b> : 5 10 
On swapping <a, b > : 10 5 
Enter two floats <c r d>: 20.5 99.5 
On swapping <c , d> : 99.5 20.5 

In main ( } , when the compiler encounters the statement 
swap { chi , ch2 ) ; 

calling the swap template function with char type variables, it creates an internal function of type 
swap! char &a, char &b ); 

The compiler automatically identifies the data type of the arguments passed to the template function, 
creates a new function, and makes an appropriate call. The process of compiling a template function is 
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The C++ statement 

PtrVar = new OataTypet IntegerSize J ; 
is equivalent to C + s 

PtrVar = (DataType *) malloc ( sizeof ( Datatype ) * IntegerSize } ; 

The operator new allocates a speci fied amount of memory during runtime and returns a pointer to 
that memory location. It computes the size of the memory to be allocated by 
sizeof ( DataType } * IntegerSize 

where DataType can be a standard data type or a user defined data type. Integers! ze can be an 
integer expression* which specifies the number of elements in the array. The new operator returns 
NULL* if memory allocation is unsuccessful. 

The following examples illustrate the allocation of memory to various data types. 

L int *a; 

a = new inti 100 ]; 

is equivalent to C$ 

a * tint *) malloc ( sizeof ( int ) * 100 ) ; 

It creates a memory space for an array of 100 integers, a [ 0 ] will refer to the first element, a [ 1 1 to the 
second dement, and so on 

2. float *b; 

b * new float f size 1 ? // size is integer variable 

is equivalent to 

b ■ (float *) malloc ( sizeo£( float ) * size I? 

3. double *d; 

d = new double! size ] ; if size is integer variable 
is equivalent to 

d - (double *) malloc ( sizeof I double ) * size ) ; 

4. char *city,* 

city = new char! c i ty„name_s i ze 1; // city_name_3ize is int variable 
is equivalent to 

city = ( char * ) malloc ( sizeof ( char ) * c i t y_name_s i z e ) ; 

5. struct date 

{ //specifies a structure 

int day? 
int month; 
int year; 

3 ; 

date *date_ptr; 

The statement 

date_j?tr = new date; 
is equivalent to 

date_ptr = (struct date *) malloc ( sizeof ( date 1 )* 

The new operator allows the initialization of memory locations during allocation as follows: 
PtrVar * new DataType ( init_value ); 
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cout « "Summation Vector z = x +■ y: " ; 

ShowVector ( z, vec_size ) ; 

// free memory allocated to all the three vectors 

delete xj // memory allocated to x is released 

delete y; // memory allocated to y is released 

delete z; // memory allocated to z is released 

} 

Run 

Enter Size of Vector: 5, 

Enter elements of vector x: i 2 1 i 5, 

Enter elements of vector yj 2 2 1 H 
Summation vector z = x + y: 3 5 4 4 9 

In main { ) , the following statements 



x * new 


int [ 


vecsize ] ; 


// 


X 


becomes 


array 


of 


size 


vec„ 


.size 


y m new 


int [ 


vec_size ] t 


// 


y 


becomes 


array 


of 


size 


vec_ 


.size 


z = new 


int [ 


vec_size ] ; 


// 


z 


becomes 


array 


of 


size 


vec„ 


.size 



allocate memory of size vec„size (integer value read previously) to the integer pointer variables x, y, 
and z respectively. It is equivalent to defining an array of size vec_size statically but the size of the 
array must be known at compile time. This inflexibility of array definition is circumvented by using 
dynamic allocation known as programmer-controlled memory management. The foil owing statements 
delete x; // memory allocated to x is released 

delete y ; // memory allocated to y is released 

delete z ; // memory allocated to z is released 

release the memory of size vec CT size (integer value read previously) allocated to the integer pointer 
variables x, y, and z respectively, An array defined statically is released automatically by the system 
whenever the array goes out of scope, But dynamically allocated arrays must be explicitly released by 
the delete operator. 

Comments 

Most of the concepts introduced in this chapter serve as a quick introduction to enhancements made to 
C++ language apart from another notable enhancement that is object-oriented programming support. 
All the material covered in this chapter are discussed in detail in later relevant chapters. This chapter is 
mainly aimed at those who are familiar with C and want a quick introduction to C++ language. It allows 
them to extrapolate from the material in this chapter and similarly from the next chapter (C++ at a 
Glance) to their ov programming needs* Beginners should supplement it by writing small, similar 
programs of their own* Both groups can use this and the next chapter as a frame to hang on to the more 
detailed descriptions that begin in Chapter 4. 

Review Questions 

2*1 What are the enhancements added to C++ apart from the object-oriented features ? 

2.2 Compare the traditional beginner's Hello World program written in C and C++. 

2*3 List the compi lets supportin g C++, Expl ain their compil ation features , 

2,4 In C/C++, why is the main { ) function popularly called as the driver function ? 

2 5 Enumerate the important features of stream-based I/O and provide a comparati ve analy sis wi th i ts 
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where inic^yalue specifies the value to be initialized to a dynamically created element. Note that. 
DataType is optional It is illustrated by the following examples: 
int * a - new( 100 ) ; 
float *rate = new[ 5.5 J ; 

The tot statement creates a memory for an integer and initializes it with 1 00 and the second statement 
creates a memory location for float and initializes it with 5 „ 5 . 



delete Operator 

The new operator’s counterpart, delete, ensures the safe and efficient use of memory. This operator 
is Used to return the memory allocated by the new operator back to the memory pool. Memory thus 
released, will be reused by other parts of the program. Although, the memory allocated is returned 
automatically to the system, when the program term mates, it is safer to use this operator explicitly within 
the pointer. This is absolutely necessary in situations where local variables pointing to the memory get 
destroyed when the function terminates, leaving memory inaccessible to the rest of the program. The 
syntax of the delete operator is shown in Figure 2.14. 



delete oper a tor j 



delete 



pointer returned through 
new operator 

PointerVariablei 



(a) Memory deallocation in C++ 



free {PointerV&ri&blet ; 

(b) Memory deallocation in € 

Figure 2.14: Syntax of memory deallocation In C and C++ 

The C++ statement 

delete PtrVar? 
is equivalent to Cs 

free ( PtrVor ) t 

where FtrVar bolds the pointer relumed by the memory allocation functions such as new operator 
and malloc ( ) function. The memory allocated using the new operator or malloc ( ) function 
should be released by the delete operator and free ( ) function respectively, 

It should be noted that, by deallocating the memory, the pointer variable does not get deleted and 
the address value stored in it does not change, However, this address becomes invalid, as the returned 
memory will be used up for storing entirely different data. 

The following examples illustrate the use of the delete operator in releasing memory allocated in 
the earlier memory allocation examples* 

1. delete a; 

is equivalent to Cs 

free ( { int * } a ) t 
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C counterpan statements such as scant ( ) and print f ( ) . 

2.6 Write an interactive program for computing die roots of a quadratic equation by handling all 
possible cases. Use streams to perform I/O operations. 

2.7 What are the benefits of commenting a program ? Develop a program to illustrate how comment^ 
ing helps in writing a program, which can be understood by others easily ? 

2*8 Why are v an ab I es defi tied withconst called as read-on ly variab les ? What are i ts benefits when 
compared to macros ? 

2.9 Justify the need of the scope resolution operator for accessing global variables, 

2 JO What are the benefits of defining variables at the point of use ? In the following statement: 

for( int i * 0; i < 10; i + + } 
xxx ; 

is the variable i visible after the termination of loop ? 

2.11 What are the differences between reference variables and normal variables ? Why cannot a 
constant value be initialized to variables of reference type ? 

2J2 What are the benefits of strict type cheeking ? Explain with suitable examples. 

2*13 What are the different types of parameter passing methods supported in C++ 7 Provide a com- 
parative analysis between pass-by-pointer and pass-by-teference methods. 

2*14 What is the difference between inline functions and normal functions ? Write an interactive 
program with an inline function for finding the maximum value of two numbers, 

2*15 What is function overloading ? Explain how it helps in writing well thought-out programs. 

2*16 What is name mangling and explain its need ? Is this transparent to the user ? 

2J7 Write an interactive program for swapping integer, real, and character type variables without 
using function overloading. Write the same program by using function overloading features and 
compare the same with its C counterpart, 

2*18 Explain the need of default arguments. Write an interactive program for drawing chart of marks 
scored by a student in different subjects. A default arguments function has to support statements 
such as: 

DrawChart ( SO ); 

DrawChsr t ( 60 / * * 1 } ; 

DrawChart { 34, *?’ ) ; 

By default, DrawChart ( } draws chart by using star symbols, 

2.19 What are the improvements made to the struct construct in C++ ? What are the benefits of 
having functions as a part of the structure declaration. Write an interactive program for process- 
ing a student record using structures. All functions manipulating structure variable members 
must be members of that structure* 

2.20 Explain the need for type conversion with suitable examples, 

2.21 What are function templates ? What are the differences between function template and template 
function? Write a program to sort numbers using function templates, 

2.22 Explain the constructs supported by C++ for runtime memory management. Write an interactive 
program processing student's results using C++ s memory management operators. 

2*23 Write a program for creating variables of the da t a structure dynamically. Can a pointer variable 
be used to store data in a memory location pointed to by them, with the binding pointer to a 
specific location. 
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it supports encapsulation. Encapsulation allows to combine data and functions that operates on them 
into a single unit. One or more classes grouped together constitute a program. The program 
counter! . cpp illustrates various concepts such as classes and objects, encapsulation, and decla- 
ration of abstract data types. The program creates a class with one data member and instantiates two 
objects to demonstrate the features of classes. It simulates the behavior of an upward counter 

// counter! .cpp: counter class having upward counting capability 
# include <iostream.h> 
class counter 

i 

private; 

int value? // counter value 

public : 

counter U // No argument constructor 

4 

value =0; // initialise counter value to zero 

) 

counter ( int val ) // Constructor with one argument 

{ 

value * val ? // initialize counter value 

) 

-counter 0 // destructor 

£ 

cout << "object destroyed" « endl ; 

} 

int QetCounter { 1 // counter Access 

{ 

return value? 

) 

void up [ } if increment counter 

{ 

value ■ value” + 1; 

} 

}f 

void mainO 
( 

counter counter 1; // calls no argument constructor 

counter counters = 1 ? // calls one argument constructor 

cout « "counterl = * << counterl .GetCounter { } « endl; 

cout << "counters = # << counter2 .GetCounter ( } << endl; 

// update counters, -increment 
counterl . up ( } ; 
counter2 .up ( } ; 

cout << "counterl = " << counterl . GetCounter { ) << endl? 

cout << "counters - " << counter2 . GetCounter { ) << endl? 

> 

Run 

counterl = 0 
counters ~ 1 
counterl * 1 
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counter^ = 2 
object destroyed 
object destroyed 

'rhe following section describes die various parts of the program; 

* Class, encloses the data and functions into a single unit. The name of the class is counter. The 
class counter can be used as the user-defined data type for defining its variables called objects. 

* Data Members, describe the data in the abstract data types. The data member in the class counter 
is value. A class can have any number of data members. 

* Member Functions, define the permissible operations of the data type (member variables). The 
class counter has the following member functions; 

1. counter {) : constructor with no argument 

2. counter (lot vai) : constructor with one argument 

3. -counter ( ) : destructor 

4. Get Counter ( ) : counter value access interface 

5* up ( J : increment counter 

* Constructor, is a member function having the same name as that of its class and is executed auto- 
matically when the class is instantiated (object is created), It is used generally to initialize object data 
mem ben and allocate the necessary resources to them. The class counter has two constructors to 
initialize the data members of the class. 

counter i I 
counter ( int J 

Similar to normal functions, member functions of a class including constructors (but not destructor) 
differ in their specifications (data types of argument or number of arguments); this feature is called 
function overloading. The compiler will identify a suitable constructor, whose formal parameters matches 
with those actual parameters passed to it at the time of creation of objects. 

* Destructor, is a member function having the character - ( tilde) followed by a function name* which 
is same as the class name (i,e„ -claasnam© ( ) ) and is invoked automatically when class's object 
goes out of scope (i.e., the object Is no longer needed), It is generally used to reclaim all the resources 
allocated to the object The above program has the destructor named -counter {) in the class 
counter, It is automatically invoked whenever objects go out of scope (when program terminates in 
the above case). A class can have at the most one destructor 

* Access Specifiers, control the visibility status of the members of a class. Access specifiers in the 
above program are the keywords private and public. The members of the class counter de- 
dared following the keyword private sire accessible to only members of its own class, Thus, hiding 
the data inside a class, so that it is not accessed mistakenly by any function outside the class. Whereas, 
the members of the class countar declared following the keyword public am accessible from 
objects of the class in addition to their own class members. 

In the above program, the data member value is declared as private and member functions arc 
declared as public. By default, these are private. The explicit declaration public means that 
these functions can be accessed from outside the class, 

t+ Object, is an instance of a class. The objects created in the program are counter! and count or 2 
which are the instances of the class counter. The first object's data membetv&lue is initialized using 
zero-argument constructor, whereas the second object is initialized using one-ajgument constructor 
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counter!- up ( } ; 



counter2 , up {) ; 



(b) Counter objects status 



Figure 3.1 1 Counter class and objects 



In main ( ) , the statements 

counter counter!; // calls no argument constructor 

Counter count eri = 1; / / calls 1 argument constructor 

create two objects called counter 1 and count er2 of the class counter. The first statement 
invokes no-argument constructor, counter [ ) automatically, which initializes its data member value 
to zero, whereas the second statement invokes a single argument constructor, counter (int } auto- 
matically and initializes its data member value to 1 (as mentioned in the statement). The statements 

counterl.up (} ; 
counter2 . up (1 # a 

invoke member function up ( } defined in the class counter and increment the data member value 
by one. Thus, the two objects counter! and counters of the class counter have different data 
values as shown in Figure 3. lb. Each object of the counter class Is stored in a separate area in memory. 
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counter! . down E 1 ; 

cout << "conn ter 1 on decrement 

cout << ■ counter 2 on decrement 



Run 



counterl 

counters 

counterl 

counters 

counterl 

counters 



initially = 0 
initially = 1 
on increment = 
on increment = 
on decrement = 
on decrement * 



1 

2 

0 

1 



« counterl . GetCounter { J <c Midi; 
<< counters , GetCounter ( } ; 



In the above program, the NewCounter class has its own features to perform counter decrement 
by using the member functions of the counter. Hie statement 
class NewCounter: public counter 

derives a new class NewCounter known as derived class from the base class counter, Hie base 
class counter is publicly inherited by the derived class NewCounter. Hence, the members of 
counter class that are protected become protected and public become public in the 
derived class NewCounter. The NewCounter class can treat all the members of the counter 
class, as though they belong to it. 

When an objecl of the derived class is created, one of the constructors of the base class must be 
executed before a constructor of the derived class is executed. In the case of destructors* the body of 
the derived class destructor is executed First followed by that of the base class, The specification of the 
constructors in the following statements 
NewCounter ( ) : counter t } 

NewCounter ( int val ) ; counter ( val ) 

indicate as to which one of the constructors in the base class has to be selected while creating objects 
of the derived class. If no explicit specification of the base class constructor is made in the derived class 
constructor, the compiler will select the no- argument constructor of the base class by default as indi- 
cated in Figure 3.2. 

In main ( ) , the statements 

NewCounter counterl; // calls no argument constructor 

NewCounter counter2 at 1; // calls 1 argument constructor 

create two objects called counterl and counter 2 of the NewCounter class. Hie first statement 
invokes the no-argument (default) constructor NewCounter ( ) automatically, which in mm calls the 
base class constructor counter { ) to initialize the data member value to zero. Whereas, the second 
statement invokes the one -argument constructor NewCounter (int } automatically, which in turn 
calls the base class constructor counter (int) to initialize the data member value to I (as men- 
tioned in the statement). Derived class can also initialize its own data members or base class data 
members expl ic itly 

The statements 

counterl * up H ; 
counter! * up f ) ; 

call member function up O of the base class to increment the counter value by one. Whereas the 
statements 
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counter 1 * down ( ) ; 
counter 2 .down ( ) i 

call member function down ( } of the derived class to decrement the counter value by one, C++ sup- 
ports derivation of a class from more than one base class, which is called multiple inheritance Some of 
the other forms of inheritance supported by C++ are hierarchical, multilevel, hybrid, and multipath. 




Figure 3,2; IMewCounter class and Inheritance 

3.4 Polymorphism— Operator Overloading 

Polymorphism allows a single name/opeiator to fee associated with different operations depending on 
the type of data passed. In C++, it is realized by using function overloading, operator overloading, and 
dynamic binding. The operators such as +,- P V etc., dealing with basic data types can be extended to 
work on user-defined data types by using the facility of operator overloading. Overloaded operators 
work with user-defined or basic-data types depending upon the type of operands. Operator overload- 
ing allows the user to give additional meaning to most operators so that it can be used with the user 's 
own data types, thereby making the data-types easier to use. 
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Operator overloading, similar to function name overloading, helps to reduce the need for unusual 
function names, making code easier to understand. It also supports program oner- con trolled automatic 
type conversion, which blend user defined datatypes, appear and work in the same way as fundamental 
data types provided by the C++ language. 

Operator overloading extends the semantics of an operator without changing their syntax. The 
grammatical rules defined by the C++ that govern its use such as the number of operands, precedence, 
and associativity of the operator remains the same for overloaded operators. Therefore, it should be 
remembered that overloading of an operator does not change its original meaning. C++ allows overload- 
ing of both unary and binary operators. 

In the program count erl . dpp and count er2 . epp, the functions up [ ) and down { ) are 
invoked explicitly to update the counters. Instead of using such functions, the operators like ++ (incre- 
ment operator) can be used to perform the same job, while increasing the program readability without 
the loss of functionality. The enhanced version of the class counter declared in the program 
counter2 . epp is rewritten to use overloaded increment operator in the program counter 3 , epp, 
It overloads increment and decrement operators to operate on user defined data items. 



// COunter3*cpp: increment and decrement operation by operator overloading 
# include ciostream . h> 
class counter 
{ 



pr ivate : 

int value; // 

public : 

counter () / /, 

i 

value =0; // 

} 

counter { int val ) // 

C 

value = val ; / / 

} 

int GetCounterU ff 



counter value 
Wo argument constructor 
initialize counter value to zero 
Constructor with one argument 
initialize counter value 
counter Access 



{ 



return value; 



} 

ff overloading increment operator 
void operator-n- ( ) If increment counter 
{ 

value = value + 1; 

1 

void operator — U // decrement counter 

( 

value = value - 1; // decrement counter 

1 

)J 

void main C S 
{ 

counter counterl ; if calls no argument constructor 
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Similar to the built-in variables, die user*defined objects can also be read or output using the stream 
operators: insertion and extraction operators In the case of the overloaded « operator, theojtream & 
is taken as the first argument of a friend function of a class, The return value of this friend function is of 
ty peojfremn <&* Similarly, for overloading the » operator, the Luream & is taken as the first argument 
of a friend function of a class. The return value of this friend function is of type htream A, In both the 
cases, a reference to an object of the current class is taken as a second argument and after storing the 
result in its second object, its first argument, the i stream object would be returned, 

The program counter 4 . cpp illustrates the flexibility of overloading the output stream operators 
and their usage with the user defined objects. 

/ / counts r4. cpp: overloading stream operator cout <t value 
# include <iostream.h> 
class counter 
{ 

private: 

int value? // counter value 

public : 

counter U // No argument constructor 

< 

value = 0; // initialise counter value to zero 

} 

counter 1 int val ) // Constructor with one argument 

{ 

value =* val? // initialize counter value 

) 

int GetCounter ( } // counter Access 

{ 

return value; 

} 

/ / overloading increment operator 

void operator ++{ ) // increment counter 

C 

value * value . + 1 ; 

) 

// overloading decrement operator 
void operator --{} / / decrement counter 

{ 

value - value - 1 ; / / decrement counter 

} 

// overloading binary operator 
counter operator +■ ( counter counter2 } ; 

friend ostream St operator << ( ostream St Out, counter & counter ) ; 

}t 

// operator function defined outside the class body, hence use : : operator 
counter counter :s operator +( counter counter 2 ) 

1 

counter temp? 

// value belongs to counter! and counters .value is of counter! 

temp. value = value + counter! /value; 
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The input stream operator can also be overloaded to read objects of the counter class, whose 
prototype can be: 

istceam £ operator » ( 1st ream £ In, counter £ counter | ; 

Note that C++ does not allow overloading of operators = , O , [ ] , and - > as Mend operator functions, 
however, they can be overloaded as member operator (unctions. 



Instances of the class counter 




Figure 3.4: Operator overloading and friend functions 

3.6 Polymorphism— Virtual Functions 

In C++, runtime polymorphism is achieved using virtual functions Virtual functions facilitate dynamic 
binding of functions to the appropriate objects. They are the means fey which functions of the base 
class can be overridden by functions of the derived class. 

Virtual functions allow derived class to redefine member Junctions inherited from a base class, 
General programs can then be written that are obvious to the classes of the objects they manipulate, 
through dynamic binding. The runtime system will choose the function appropriate to a particular class 

Virtual functions allow programmers to declare functions in a base class that can be redefined in 
each derived class. When a pointer to the base class is used with a base or derived class object, the 
object to which it points determines the activation of an appropriate member function call. That is, when 
a base class pointer points to the object of a derived class, the derived class's member function is 
selected and when it points to the object of the base class, the base class's member function is selected 
at runtime. 

In C++, calls to virtual member functions are linked at runtime, as a result of which an object s 
behavior is determined only at runtime. This binding procedure is termed as late binding. The keyword 
virtual instructs the compiler that the calls to these member functions are to be linked only at mn 



Copyrighted material 















m 



Mastering C++ 



time. Thus, the choice of member function to be executed depends on the object of a class, the pointer 
ts addressing at runtime. The program virtual cpp illustrates the concept of virtual functions, 

// virtual. cpp; Binding pointer to base class's object to base or derived 
/ / objects at runtime and invoking respective members if they are virtual 
# incl ude < i os tr earn « h> 
class Father 
( 

protected : 

int f_age; 
publ ic: 

Father! int n 1 

C 

f_age = nj 

} 

virtual int GetAge{void} 

{ 

return f_age; 

} 

5 i 

f § Son inherits all the properties of father 
class Son : public Father 
{ 

protected; 

int s_agej 
publics 

Sent int n, int m ) : Father (ml 
{ 

s_age = m; 

) 

int Get Age (void) 

C 

return s_age ; 

> 

1 ! 

void main!} 

f 

Father *basep; 

basep = new Father (45 ) s // pointer to father 
emit << "Father's Age: :W ; 

eout << basep->GetAge f) << endl ; If calls father : : Get Age 
delete basep; 

basep = new 5onf45, 20}; // pointer to son 

cout << * Son's Age: 

emit « basep ->Get Age O << endl; //calls son : : Get Age ( ) 
delete basep; 

> 

Bm 

Father's Age i 4 5 
Son * s Age : 20 
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In ihe base class Father, the statement 
virtual int GetAge (void) 

indicates that, an invocation of GetAge ( } through the pointer to an object roust be resolved at 
runtime based on which class 's object the pointer is pointing to* A pointer to the object of the base 
class can be made to point to its derived class. 



Instances of the class Father 




Instances of the class son 



Figure 3 J: Virtual functions and dynamic binding 
(base pointer accessing derived objects) 

In ma in U * the statement 
Father *basep; 

creates a pointer variable to the object of the base class Father and the statement 
basep = new Father 145) j // pointer to Father 
creates an object of the class Father dynamically and assigns its address to the pointer has ep. Ihe 
statement 

cout << basep->GetAge ( 5 << endl; // calls father: : GetAge 
invokes the member function GetAge ( ) of the Father class. 
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cout << endl <c “Floating vectors * ; 
t loat_vect . show ( ) ? 

} 

Run 

Integer Vector : 1 , 2 , 3 # 4 * 5 , 

Floating Vectors 1.5, 2.5, 3.5, 4.5, 

Note that the class template specification is similar to an ordinary class specification except for the 
prefix template <class T> and the use of T in place of the data-type. This prefix informs the 
compiler that the class declaration following it is a template and uses T as a type name in the declaration, 
Thus^ the class vector becomes 'a parameterized class with the type t as its parameter. The type T 
may be substituted by any data type including the user defined types. 

In main ( h the statements 

vector <int> int_vect{ 5 ) ; 
vector < floats- floa.t_vect( 4 ); 

create the vector objects inject and f loat^vect to hold vectors of type integer and floating 
point respectively. Once the objects of class template are created, their usage is same as the objects of 
non -template classes. 

3.8 Exception Handling 

An exceptional condition is an error situation that occurs during the normal flow of events and prevents 
the program from continuing correctly. C++ provides exception handling mechanism for handling error 
conditions that should not be ignored by a caller Error condition such as division of a number by zero 
is difficult to predict; however, that can be handled by using exceptions. 

C++ offers the following three constructs for handling exceptions: 

* try 

* throw 

* catch 

A block of code in which an exception can occur must be prefixed by the keyword try. This block 
of code is called try- block. It indicates that the program is prepared for testing the existence of excep- 
tions. If an exception occurs, the program flow is interrupted; call loan exception handler is made if one 
exists, otherwise, abort ( ) is invoked. 

lire exception handler is indicated by the catch keyword and it must be specified immediately after 
the try>-block. The keyword catch cm occur immediately after another catch, Each handler will only 
evaluate an exception that matches, or can be converted to, the type specified in its argument list. Every 
exception thrown by the program must be caught and processed by the exception handler. If the 
program fails to provide an exception handler for a thrown exception, the program will call the terminate 
function. 

The mechanism suggests that error handling code must perform the following tasks, 

* Detect the problem causing exception (Hit the exception) 

* Inform that an error has occured (Throw the exception) 

+ Receive the error Information (Catch the exception) 

* Take corrective actions (Handle the exceptions) 
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The program number, gpp illustrates the mechanism of handling exceptions. It has the class 
number to store an integer number, the member function read l ) to read a number from the console 
and the member function div 1) to perform the division operation, It raises an exception if an attempt 
is made to divide a number by zero. 

// number + cpp; Divide Exceptions, divide by zero exceptions 
# include <iostreani.h> 
class number 
{ 

private : 
int rum; 
publics 

void read ( ) 

{ 

cin » numf 

> 

class DIVIDE (}; // abstract class used in exceptions 

int div( number num2 ) 

t 

i£{ num2 * num == 0 ] // check for aero divisor if yes 

throw DIVIDE t),' // raise exception 

else 

return num / num2,num; // compute and return the' result 

) 

)t 

int main ( ) 

1 

number ngil # num2 j 
int result t 

cout « "Enter Humber 1; w ; 
numl , read { } ? 

cout « " Enter Humber 2 : ■ j 
num2 . read Of 

// statements must be enclosed in try block if exception is to be raised 
try 
{ 

cout « * trying division operation,,,"? 
result = numl ♦ div C num2 J ? 
cout « * succeeded" << endlj 

} 

catch l number: : DIVIDE ) // exception handler block 

t 

// actions taken in response to exception 
cout << ■ failed* « endl ; 
cout << "Exception: Divide- By- Eero* j 
return li 

> 

// no exceptions P display result 
cout « "numl/num2 * " « result; 
return 0; 
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catch ( numbers : DIVIDE ) 

{ 

cout << "Exception; Divide-By-Zera" ; 
return 1 ; 

} 

will catch the exception raised due to a malfunction (divide-by-zero) in the preceding try -block and 
executes its (catch-block) body. When an exception is raised and if the exception matches with any of 
the catch's exception type, its catch-block will be executed; otherwise, the program terminates. The 
execution skips the catch-block and proceeds with the normal operations when no exception is raised. 



3.9 Streams Computation 

Stream is a name given to the flow of data and it acts as an interface between the program and the input/ 
output devices. Streams provide a consistent interface irrespective of the device with which they 
operate (see Figure 3.7). For instance, the output operation can be performed either on the console or 
file; the interface for accessing these devices is the same as shown in the following statements; 



cout « ’Hello World" i 
outfile « "Hello World*! 

Hie first statement prints the message Hollo World to a standard output device whereas the second 
statement prints the same in a file to which the variable outfile is the file handler. 



Monitor 



Printer 



Disk 




Figure 3*7: Consistent stream computation 

Input- output operations in C++ are interpreted as a flow of stream of bytes. The program extracts 
bytes from the input stream when read operation is initiated and inserts bytes to the output stream when 
the output has to be performed, 

C++ provides the following predefined stream objects (declared in iostream.h): 
ciri Standard input (usually keyboard) corresponding to stdin in C. 

cout Standard output (usually screen) corresponding to ctdout in C. 

eerr Standard error output (usually screen) corresponding to a tderr in C. 

clog A fully -buffered version of cerr (no C equivalent). 

The statement 
cin >> tn? 

reads data from the console (keyboard) and stores it into the variable m. The statement 
cout << "Hello World* << mi 
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prims the string message followed by the value stored in the variable m onto the console {monitor). The 
statement, 

Cerr << fl Error: Hello World " j 

prints the siring message onto the standard error device (usually monitor). The statement, 
clog << "Log Errors'; 

prints the message to standard error device and displays when the buffer is flushed or \n (new line) 
character is encountered. 

In C++, streams with operator overloading provide a mechanism for filtering, The standard stream 
operators « and » do not know anything about the user-defmed data types. They can be overloaded 
to operate on user-defined data items, which comprise operations on basic data items with standard 
stream operators. For example, consider the statements: 
cout counter 1^ 

cin » counters ; 

The data- items counter 1 and counter 2, are the objects of the counter class (see friend ♦ cpp 
program discussed above). The operators » or« do not know anything about the objects count erl 
and ccunter2. These are overloaded in the counter class as member functions, which process the 
attributes of counter objects as if they are basic dam-items. Collectively, it appears as if the stream 
operators are operating on the objects of the class counter. This is possible due to overloading 
stream operators to operate on the user defined data types. 

File Streams 

A file is a unit of storage, The file handling technique of C does not support object oriented program- 
ming, hence C++ has come out with a new set of classes to deal with files. 

As discussed earlier, the standard objects cin and cout have been used to deal with the standard 
input and the standard output The objects cin and cout are declared in lost ream ih header file. 
There are no such predefined objects for handling disk files. C++ supports the following classes for 
handling files: 

* if stream - for handling input files. 

* of e t r earn - for h andl i ng output files . 

* f stream - for handling files on which both input and output are done. 

These classes are designed to manage the disk files and are declared in the fstreanuh header file. To 
use file streams, include the following statement in the program: 

# include <£stream.h> 

The general pattern of accessing the data in a file is similar to the stdio.h functions, First, of 
course, the fite has to be opened. In all the three classes, a file can be opened by giving a filename as the 
first parameter in the constructor itself. For example, the statement, 
if scream infile { “ test . txt *) $ 
will open the file test . txt for input operation. 

The classes if stream, of stream, and f stream are derived from the classes i stream, 
ostream* and lost ream respectively to handle file streams and file input/output. The if stream 
is meant for input files and of stream for output files; the f stream is meant for both the input and 
output files. 
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File Input with list ream Class 

The class if stream supports input operations. It contains tlie function openO with the default 
input mode, Inherits get { } t getline ( ) * read!) , seekg ( } , and tellg ( ) functions fmm i stream. 
The program infile.cpp illustrates the use of if stream class in file manipulation. It reads the 
contents of the file sample . in line by line and prints the same on the console, 

// ipfllaxpp: reads all the names scored in file * sample .in* 

# include <£ stream. h> 

# inc 1 ude <pr o ce ss . h> 

# include <ios cream, h> 
void main { } 

I 

char buff l 80 ] ; 
if stream infile; f / input file 
inf ile. open ( “ sample, in " ) ; // open file 

if ( infile. failt) ) // open fail 

{ 

cout « "Error; sample. in non-existent"; 
exit { 1 ) * 

> 

while I 1 infile . eoff C } ) // until end^of-file do processing 

{ 

inf ile . getline (buff, 80}; // read complete line from file 

cout « buff « endl? 

> 

inf ile * close ( } ; 

) 

Bm 

Rajkumar , C-DAC , India 
Sjarne Stroustrup, AT & T, USA 
Smrithi, Hyderabad, India 
Tejaswi , Bangalore, India 

The input file sample . in contains the following information before the execution of the program: 
Rajkumar* C-DAC , India 
Bjarne Stroustrup, AT & T, USA 
Smrithi r Hyderabad, India 
Tejaswi, Bangalore, India 

In main { ) T the statement 

if stream infile; // input file 

creates the object infile and the statement 

infile. open ( "sample, in" ) ; // open file 

opens the file sample . in in the input mode. The statement 
if ( infile, faiio ) // open fail 

checks for the status of file open operation* If file- open fails, it returns 1, otherwise 0, The statement 
while* linfile.eofO } if until end-of-file, do processing 
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repeats the file reading operation until the end-of file. And the statement 

inf ile.getline (buff , 80)? // read complete line from file 

reads a single Sine from the file or maximum of 80 characters from that line and proceeds to the next line. 
The statement* 

inf lie, close ( ) ; 

closes the file and thus preventing it from further manipulation. 

File Output with of stream Class 

The class of stream supports output operations. It contains the function open O with output mode 
as default It inherits put {) , seekp ( ) , tellp { ) , and write ( ) functions from ©stream. The 
pro^am outfile * cpp illustrates the use of the class of stream in the file manipulation, It reads 
information entered through the keyboard and writes the same into the output file sample „ out, 

// outfile, cpp: writes all the input into the file 1 sample . out ' 

# include <fstream.h> 

# include <process.h> 

# include <iostream.h> 

♦include <string.h> 
void maint) 

( 

char buf £ [ 80 1 ? 

of stream outfile; // output file 

outfile . open (■ sample , out ■} ; // open in output mode 

i£< outfile, fail 0) H open fail 
{ 

tout « "Error: sample, out unable to open - ; 
exit ( 1 ) ; 

} 

// loop until input ■ "end" 
while ( 1 ) 

{ 

cin. get line (buff 80) j // read a line from keyboard 
if ( stremp ( buff, *end* ) mm 0 ) 
break; 

outfile « buff « endl; // write to output file 

) 

outfile . close O ; 

} 

Bun 

oqp is good 
C++- is OOP 
C++ is good 
end 

Note: On execution, the file sample - out has the following: 

QSS^As. good 

C++ is OOP 

Q++ Is qggd 
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4.1 Introduction 

Variables and constants are the fundamental elements of any programming language. Variables allow to 
name memory locations and use that name to access memory contents instead of accessing it through 
the physical address. Constants are those whose value never change during the execution of the 
program. Operators are used to specify the type of operation to be carried out on the variables and 
constants. Expressions combine the variables and constants to produce new values. The type of an 
object (vanable/constam) determines the set of values it can represent and various operations that can 
be performed on it. When an expression has variables of different types, they need to be coerced {type 
convened) before their use. It can be either performed by the compiler implicitly, or by the user explicitly. 
C++ qualifiers allow promotion of any fundamental data type. The precedence and associativity of 
operators specify the order of evaluation of an expression to generate a valid output 



4.2 Character Set 

The C++ character set consists of the upper and lower case alphabets, digits, special characters and 
white spaces. The alphabets and digits together constitute the alphanumeric set. The complete charac- 
ter set is shown in Table 4.1. The compiler ignores white spaces unless they are a part of a string 
constant. White spaces are used to separate words (and sometimes to increase the readability of a 
program), but cannot be embedded in the keywords and identifiers* 



Alphabets: 


Uppercase: A B „ 

Lowercase; a b , 


, Z 
* z 






Digits 

0123456789 
Special Characters: 


, comma 


< opening angle bracket 


> 


closing angle bracket 


. period 


_ underscore 


( 


left parenthesis 


: semicolon 


S dollar sign 


> 


right parenthesis 


: colon 


% percent sign 


1 


left bracket 


# number sign 


1 question mark 


1 


right bracket 


apostrophe 


& ampersand 


{ 


left brace 


" quotation mart 


A caret 


) 


right brace 


\ exclamation mark 


• asterisk 


/ 


slash 


\ vertical bar 
- tilde 


- minus sign 
+ plus sign 


V 


black slash 


White space characters: j 


blank Space 


newline 




carriage return 


form feed 


horizontal tab 




vertical lab 



Table 4.1 : C++ character set 
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In main ( } , the statement 

of stream out file; // output file 

creates the object out file and the statement 

out f ile . open ( M sample . out ■) ; // open in output mode 
opens the file sample .out in output mode, The statement 
if ( out f ile , fail U } // open fail 

checks for the status of file open. If file open fails, it returns 1, otherwise 0. The statement 
out file « buff << endl ; / / write to output file 

writes thebuf f contents and new -line character to the output file. The syntax of writing to the disk file 
resembles the writing to the console. 

Guidelines 

This chapter has given a glimpse on various prime features of C++. The fundamental construct of C++ 
i. t.sdass has been used to explain data encapsulation and abstraction features. More details on this can 
be found in chapters 10 and onwards. Other features discussed are inheritance, polymorphism, friend 
functions, virtual functions, class templates, exceptions handling, and streams computation. 

Review Questions 

3.1 S tate some reasons for C++ gaining popularity over other objec t-oriented programming languages . 

3.2 Date consists of day, month, and year. Can this item be modeled as a class? What are the permis- 
sible operations this class needs to support ? Write a complete program having class declaration 
and the main ( 1 function to create its objects and manipulate them, 

3.3 List the various object-oriented features supported by C++, Explain the constructs supported by 
C++ to implement them. 

3.4 What is inheritance ? What are base and derived classes ? Give a suitable example for inheritance. 
3,3 What are the different types of access specifiers supported by C++. Explain with a suitable 

example. 

3.6 What is polymorphism ? Write a program to overload the + operator for manipulating objects of 
the Distance class. 

3.7 What are friend functions ? Can they access members of a class directly ? Enhance the Date class 
such that it allows to read and display its objects using stream operators. 

3.8 What are the differences between static bi nding and 1 ate binding ? Rxplai n dynam ic bi nding wi th 
a suitable example* 

3.9 What are generic classes? Explain how they are useful. Write an interactive program having 
tempi ate- based Distance class. Create two objects: one of type integer and another of type float- 
ing-point. 

3.10 What are exceptions ? What are the constructs supported by C++ to handle exceptions ? 

3.11 What are streams ? Write an interactive program to copy a file to another file* Both source and 
destination files have to be processed as the objects of file- stream classes. 
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4.3 Tokens, Identifiers, and Keywords 

C++ program consists of many elements, which are identified! by the compiler as tokens. Tokens sup- 
ported in C++ can be categorized as keywords, variables, constants, special characters, and operators 
as shown in Figure 4. 1 * 




int marks, 121 # + 

switch age 350.75 ? 

class name 2e3 ~ i ? 

Figure 4.1 : C++ tokens 

In a C++ program, every word can be either classified as an identifier, or a keyword. As the name 

suggests, identifiers are used to identify or name variables, symbolic constants, functions, and so on. 

Keywords have predefined meanings and cannot be changed by the user. The following rules need to 

be followed while naming identifiers: 

+ Identifier name is formed by using alphabets, digits, or underscore characters. 

# Identifier names must begin with an alphabet or underscore character 

# The maximum number of characters used in forming an identifier must not exceed 3 1 characters. Some 
compilers allow the idendfier length to be more than 31 characters, however, only the first 3 1 charac- 
ters are significant. 

* C++ is case sensidve (since the upper and lower case letters are Seated differently). For instance, 
names such as rate, Rate, and rate are treated as different identifiers. It is a general practice to 
use lower or mixed case letters to name variables and functions, and upper case to name symbolic 
constants. 

* C++ has standard identifiers called keywords. Keywords are declared by the C++ language and have 
a predefined meaning. Hence, they cannot be used for any other purpose other than that specified by 
the C++ language. The keywords supported by C language are shown in Table 4.2 and they are also 
available in C++ (C++ is a superset of C). 



auto 


double 


int 


struct 


break 


else 


long 


switch 


case 


enuit 


register 


typedef 


char 


extern 


return 


union 


const 


float 


short 


unsigned 


continue 


for 


signed 


void 


default 


goto 


siieof 


volatile 


do 


if 


static 


whi le 



Table 4,2: Keywords common to C and C++ 
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C++ Specific Keywords 

There are several keywords specific to C++ which are listed in Table 43* These keywords prim tin y deal 
with classes, templates, and exception handling. For more details on keywords, refeau Append! > : C++ 
Keywords and Operators, 



asm 


new 


template 


catch 


operator 


this 


class 


private 


throw 


delete 


protected 


try 


friend 

inline 


public 


virtual 



Table 4*3: Keywords specific to C++ 



4.4 Variables 

A variable is an entity whose value can be changed during program execution and is known to the 
program by a name. A variable definition associates a memory location to the variable name. A variable 
can hold only one value at a time during the program execution. Its value can be changed during the 
execution of the program. The various components associated with variables are the following: 

* Data type - char, itit, float, date (user defined), etc. 

* Variable name - User view 

* Binding address - Machine view 

* Value - data stored in memory location 

The relation among the above components is shown in Figure 4.2. In the statement 
f ■ LB * c + 32, 

the symbols f and c are variables. _ _ . 

Memory location 




Figure 4*2: Components of variables 

Variable Names 

Variable names are identifiers used to name variables. They are the symbolic names assigned to the 
memory locations. A variable name consists of a sequence of letters and digits, the first one being a 
letter, The rules that apply to identifiers (given above), also apply to variable names, The following are 
some valid variable names: 



class_mark 

cl&asHark 



sum MAX 

s tudenfc_name emp_num 
StudentName rank! _xl 



min 

£act_recur 

_num 



Hie following are some invalid variable names (with reasons given along side): 



a" s 

fact recur 
class-mark 
5 root 

student, rec 



illegal characterQ 

blank not allowed 

illegal character^) 

first character should be a letter 

comma not allowed 
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4,5 Data Types and Sizes 

C++ supports a wide variety of data types and the programmer can select the type nppi prhue the 
needs of the application. However, storage representation and machine instructions to manipulate each 
data type differ from machine to machine, although C++ instructions are identical on all machines. C++ 
supports the following classes of data types: 

* Primary {fundamental) data types 
+ Derived data types 

* User- defined data types 

The primary data types and their extensions is the subject of this chapter Derived data types such 
as arrays and pointers, and user defined data types such as structures and classes are discussed in the 
later chapters* 

C++ language supports the following basic data types: 

char a single byte that can hold one character. 

Int an integer 

float a si ngle preci s ion floati ng po int number, 

double a double prec i s ion float i ng po i n t n u m be r. 

Further, applying qualifiers to the above basic types yields additional types, A qualifier alters the 
characteristics such as the size or sign of the data types. The qualifiers that alter the si m are short and 
long. These qualifiers are applicable to integers* and yield two more types: 

shore int Integer represented by 1 6 bits irrespective of machine type, 
long int Integer represented 32 bits irrespective of machine type. 

The exact sizes of these data types depend on the compiler as shown in Table 4,4, 



Data Type 


Data Size 
tbytes) 


Minimum 

value 


Maximum 

value 


char 


1 


-128 


127 


short 


2 


-327068 


327067 


int 


2 (16 bit compiler) 


-327868 


327867 




4 (12 bit compiler) 


-2147433648 


2147483847 


long 


4 


-2147433848 


2147483647 


float 


4 


3,4E-38 


3.4E+38 


double 


8 


1J&308. 


1 7E+308 ; 


long double 


10 


-3.4E 4932 


1.1E+4932 



Table 4.4: Data types and their size 

The qualifier long can also be used along with the double precision floating point type: 
long double — an extended precision floating point number. 

The sign qualifiers are signed and unsigned. The sign qualifiers are applicable to the integer data 
types (int, short int, and long int) resulting in six additional data types given below: 

signed short int 
unsigned short int 
signed int 
unsigned int 
signed long int 
unsigned long int 
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The value to be initialized to a variable at the time of definition must be known while writing the 
program i.e,, it must be a constant value or must have been assigned at runtime before its definition as 
follows: 

int i - 3; 
int k i + 3; 

A variable which is initialized at its definition is called value- initialized variable. However, its value can 
be modified during the program execution at a later point. When multiple variables are being declared in 
a single statement, initialization is carried out in the following way: 
int i * 10 t j ^ 5; 

The right side of the assignment operator can be any valid expression as given below: 
int k ■ = i / j i 

It assigns the value 2 to k if i = 10 and j = 5. 

The variables can be initialized by using any valid expression at runtime. The general format is as 
follows: 

variable -name = expression; 

The expression can be a constant, variable name, or variables and/or constants connected by using 
operators (mathematical expression). For example, 

a - 10 ? 
a = to; 
a - c+d-5 ? 

where the symbols + and - represent addition and subtraction operation respectively. The program 
showl , epp illustrates the initialization of variables in the definition or during its execution, 

// showl.cpp: variable definition and assignment 
# include <iastreanuh> 
void main ( ) 

{ 

int a ( b; // integer type variable definition 

int c = 100; // variable definition and initialization 

float distance; // floating-point type variable definition 

// initialisation during execution time 
a - c; 

b = c + 100? 
distance = 55,9; 

// display contents of the variables 

COUt << “as ■ << a << *\n r ; 

cout « “b * “ << b << ■ \n ■ ; 

cout << M c - ■ << c « H \n"i 

cout << "distance = * « distance? 

} 

Run 

a = 100 
b = 200 

c = 100 

distance = 55.9 
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In main f ) . the statement 
me c =■ J 00 ; 

defines a variable called c and initializes it with the constant integer value 100, The statement 

a s c ; 

reads the contents of die variable c and assigns it to the variable a. The statement 

b = c + 100 ; 

adds the contents of the variable c with the numeric constant 100, and assigns the result to the variable 
b. The statement 

distance = SS.ii 

assigns the floating-point constant value 55,9 to the variable distance. The statement 

cout << "a = M « a << " Vn" ; 

displays a message a = followed by the contents of the variable a and then a newline. Input and output 
operations in C++ have already been discussed in Chapter 2, For more information refer to the chapter. 
Streams Computation wish Console. 

4.8 Characters and Character Strings 

A character variable can hold a single character For instance* the statement 

char code * ' R*y 

assigns the character constant R to the variable code. The value stored in the variable code is the 
ASCII equivalent of ihc character R, Note that the character constant is enclosed in a pair of single 
quotes and each character representation requires 8 bits (one byte). 

A sequence of characters is called a string. String constants are enclosed in double-quotes as 
follows: 

"Hello World" 

String constants arc useful while conveying some messages to the user. For instance, the statement 
cout << "I love C + + programming - #- 
displays the message indicated by the string constant as follows: 

I love C++ programming 

In C++, characters can be treated like integers. A character variable holds one character such as a letter, 
a digit* or a punctuation mark. These characters are represented in memory by a number, called the code 
for the character. For example, the code for the letter A may be 65, that for letter B may be 66, and so on. 

Actually, any number can represent the letter A, any other number can he used for B and so on, but 
these numbers should be fixed by a coding convention. For example, when the computer wants the 
primer to print the letter A t it actually sends the number 65 to the printer The important point here is that 
the printer accepts The number 65 and prints the letter A. Hence, the printer must also use the same code 
to represent character as that is used by the computer. This requirement led to the establishment of a 
standard called ASCII (American Standard Code for In format] on Interchange). ASCII codes are widely 
used all over the world lo represent various symbols in a computer. 

The program ascii . epp reads the ASCII code of a character and prints out the symbol associ- 
ated with the code. 
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7/ ascii.epp: ASCII code example 

# include <ios cream. h> 
void main() 

C 

int code; 
char symbol 

coufe « "Enter an ASCII code (0 to 127): p i 

cin >> code? // reads integer value 

symbol = code: // store into character variable 

cout << "The symbol corresponding to " « code « # is " « symbol s 

) 

Run! 

Enter an ASCII code CO to 127} : 65 
The symbol corresponding to 65 is A 

Rur>2 

Enter an ASCII code (0 to 127}: £1 
The symbol corresponding to 67 is C 

In main O , the statement 
symbol ~ code; 

assigns the value of the integer variable code to the character variable symbol, In the output state- 
ment 

cout « "The symbol corresponding to * << code << H is " << symbol; 
the character variable code forces cout to display the ASCII symbol corresponding to the value 
stored in it. 

A string in C++ is just a sequence of consecutive characters in memory, the last one being the null 
character A null character has an ASCII code 0 and is called the end- of- string marker in C++. For 
instance, consider the following string constant: 

41 1 love C+ + programming" 

In memory, it is stored as a sequence of bytes as shown in Figure 4 A Each location holds ASCII 
equivalent of the respective character. The null character (a byte with value zero) is placed ai the end of 
the string. It serves to terminate the string, be,* to mark the end of the string. 

r — — stan of string end of string— — -» 



1 1 

1 1 1 




7] 


0 


0 


e 




C 


0 


— — 
* 

1 L 
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P 1 r I 0 




r 


a 


r ; 
ffl | m ' 


| i j n j g 


vl 

L 



Figure 4,4: String representation In memory 

4.9 Operators and Expressions 

C++ operators are special characters which instruct the compiler to perform operation on some oper- 
ands* Operation instructions are specified by operators, while operands can be variables, expressions, 
or literal values. Some operators operate on a single operand and they are called unary operators , Some 
operators arc indicated before operands and they are called pre/ur operators * Others* indicated after the 
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operand are postfix operators. For instance, expressions ++i or i++ use unary prefix and postfix 
operators respectively. Most operators are embedded between the two operands, and they are called 
infix binary operators. An expression a+b uses the binary plus operator. C++ has even an operator 
that takes three operands, called a ternary operator . Unification of the operands and the operators 
results in the formation of expressions. 

Types of Operators 

In C++ , operators can be classified into various categories based on their utility and action as follows: 
+ Arithmetic operators 

* Relational operators 

* Logical operators 

* Assignment operators 

4 In creme n? and decrement operators 

* Conditional operator 
4 Bitwise operators 

* Special operators 

An expression is a combination of variables, constants and operators written according to the 
syntax of the language. In C++, every expression evaluates to a value, i.c., every expression results in 
some value of a valid data type, that can be assigned to a variable. The following are some of the valid 
expressions: 
a+b 

a+200+40 

C+b*z 

z+20 

tot*l+20+c/ 3 

Expressions having operands of different data types are called mixed-mode expressions. Consider the 
following statements: 

int a, c ; 

float d, e; 

The expression 

{a+d-i e+cl 

is called mixed-mode expression , since it contains variables of types; integer and floating-point. 

Assignment Operator = 

As in most other languages, the equal (=> sign is used for assigning a value to a variable. It has the 
following syntax; 

variable = expression; 

The left hand side has to be a variable (often called lvalue) and the right hand side has to be a valid 
expression (often called rvalue). The following are some valid assignment statements: 
a = 32000? // rvalue is constant 

b = z + 10 * a; // rvalue is expression 

c = sqrt ( 20.2 ); // rvalue is function 

The program temper , epp illustrates the conversion of temperature value in fahrenheit to centigrade 
and vice-versa using the following relation: 
fahrenheit — LS * centigrade + 32 
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4.11 Arithmetic Operators 

The C++ language has both unary and binary arithmetic operators. Unary operators are those, which 
operate on a single operand whereas, binary operators operate on two operands. The arithmetic opera- 
tors can operate on any built-in data type. Arithmetic operators and their meaning are shown in Table 
4.5. Note that, C++ has no operator for exponentiation. However, a function pow(x r y) exists in 
math . h which returns x 1 ' 



Operator 


Meaning 


+ 


Addition or unary plus 


_ 


Subtraction or unary minus 


* 


Multiplication 


/ 


Division 


! ! ! 


Modulo Division 



Table 4*5: Arithmetic operators 



Unary Minus Operator (Negation) 

The unary minus operator can be used to negate the value of a variable. It is also used to specify a 
negative number; here a minus (-) sign is prefixed to the number. Consider the following examples 

1. int X = 5 ; 

y - -xj 

The value of x after negation is assigned to y i.e. t y becomes -5, 

2. int x = -5 ; 

sum s -x; 

The value of sum is +5, The unary minus operator has the effect of multiplying its operand by - I. 

3. The use of unary + operator does not serve any purpose. However, it can be used as follows: 

a « *100? 

By default, numeric constants are assumed to be positive. 

Binary Operators 

Binary arithmetic operators such as +,«, *, etc., require two operands of standard datatypes. Depending 
on the data types of the operands, these operators perform either integer or floating-point arithmetic 
operation. 

Integer arithmetic: When the two operands say x and y are defined as integers, any arithmetic 
operation performed on these operands is catted integer arithmetic, which always yields an integer 
result. 

Example: 

Let x and y be defined by the statement: 
int x = IS, y = 5; 

Then the integer arithmetic operations yield the following results: 
x + y = 21 

x ~ y * 11 

x * y = 00 
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x / y = 3 The result is truncated , the decimal part is discarded, 

x % y = 1 The result is the remainder of the integer division. The sign of the result is 

always the sign of the first operand. 

In integer division operation* the result is truncated towards the lower value if both the operands are of 
the same sign, and is dependent on the machine if one of the operands is negative. 

Example: 

6/8-0 
-6 / -8 * 0 

”6 / 8 - 0 or -1 The result is machine dependent. 

Floating-point arithmetic: Floating-point arithmetic involves operands of real type in decimal or 
exponential notation. The floating point results are rounded oFf to the number of significant digits 
specified, and hence the final value is only an approximation of the correct result. The remainder 
operator % is not applicable to floating point operands 

Example: 

Let a and b be defined by the statement 
float a * 14. Or b - 4.0? 

and p» q and r be floating point variables; then the floating point arithmetic operations will yield the 
following results 

p * a / b ^ 3,500000 

q - b / a = 0,285714 

r = a + b = 18.00000 

Mixed mode arithmetic; In mixed mode arithmetic, if either one of the operands is real, the resultant 
value is always a real value. For example, 35 / 5.0 = 7.0. Here, since 5.0 is a double constant, 35 is 
converted to a double and the result is also a double 

The expression 

x % y 

produces the remainder when x is divided by y (it returns 0 when y divides x exactly). The program 
modulus . epp illustrates the use of the modulus operator. 

ii modules. epp: computation of remainder of division operation 

# include <ios tream . h> 
void main ( } 
f 

int numerator r denominator j 

float result, remainder; 

cout '« "Enter numerator; 

cin » numerator ; 

cout « "Enter denominator: 

cin >> denominator I 

result = numerator / denominator; 

remainder = numerator % denominator ; 

cout « numerator « * / ■ << denominator « ’ = ■ << result << endl ; 
cout << numerator << ■ % ■ << denominator « * = " << remainder; 



Copyrighted material 




114 



Mastering C++ 



Run 

Exit ex numerator £ 12 
Enter denominator* 5 
12/5 - 2 
1215 - 2 

An arithmetic egression Without parentheses will evaluate from left to right using the following 
rules of precedence for operators: 

High priority: * / % 

Low priority: + - 

The basic evaluation process requires two passes, During the first pass, the highest priority operators 
are applied as the) are encountered and in the next pass* the low priority operators are applied. Consider 
the following statement: 

a = b + c*5+d/2 - 3; 

When b - 5, c - 2 + d - 10, the statement becomes 
a » 5+2 *5+10/2 -3; 

It is evaluated as follows: 

First pass: 

step 1: a - 5 + 10 + 10 / 2 - 3; 
step 2: a=5+10+S-3; 

Second pass: 

step 3: a - 15 +5 - 3; 
step 4: a ■ 20 - 3; 
step 5: a = 17; 

These evaluation steps are shown in Figure 4.5* which illustrates the hierarchy of operators. When 
parentheses are used, the expression within the innermost parentheses gains highest priority. 




Figure 4.5: Hierarchy of operations 



A program for swapping two integer numbers without using a temporary variable, is listed in 
notemp, epp. The steps involved are illustrated in Figure 4.6- 



Copy righted material 




Chapter 4: Data Types, Operators and Expressions 



115 




(a) Steps for swapping two numbers 



Stepl: 

$tep2: 

Step3: 



|ti) Swapping steps derivations 

Figure 4.6: Swapping without using temporary variable 

// notemp. Cpp: swapping two numbers without using temporary variable 
• include <iostreeun . h> 
void main { ) 

I 

int a t b; 

cout << "Enter two integers <a, b> : ■; 
cin » a » b; 
a =* a + b| 
b m a - b; 
a n a - b; 

ft logic for swapping a and b ends here 

coufc << "Value of a and b on swapping in main ( ) s * « a « “ ■ « b; 

j 

fiun 

Enter two integers <a, b> : U1 20 

Value of a and b on swapping in main!); 20 10 

4.12 Relational Operators 

A relational operator is used to make comparisons between two expressions. All these operators are 
binary and require two operands. Logically similar quantities are often compared for taking decisions. 
These comparisons can be done with the help of relational operators as shown in Table 4.6. Each one of 
these operators compares its left hand side operand with its right hand side operand. The whole 
expression involving the relational operator then evaluates to an integer It evaluates to zero if the 
condition is false, and non -zero value if it is true. 
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Operator 


Meaning 


< 


less than 


> 


greater than 


<- 


less than or equal to 




greater than or equal to 




equaJ to 


i = 


not equal to 



fable C6: Relational operators 



In order lo understand the relational operators, it is necessary to know the bastes of an if state- 
ment, (The i f statement is elaborately discussed in the next chapter,) If condition -express ton is true, it 
executes the then-pan only, otherwise, it evaluates the else -part, as shown below: 
if t condition ) 

statement^ // executed when condition is true 

else 

statements* // executed when condition is false 

The program relation . epp illustrates the use of the relational operators in taking decisions. 

// relation. Cpp: relational operator usage 
# include <io?tream i h> 
void Jnaint) 
i 

int my_age, your„age; 

cout « "Enter my age: *; 

cin » my_age; 

cout << "Enter your age; * ; 

cin >> your_age ; 

iff my_age =- your_age ) 

cout << "We are born in the same year*; 
else 

cout « *We are born in different years"; 

) 

Bunl 

Enter my age : 25 
Enter your age: 25, 

We are born in the same year, 

Bun2 

Enter my age : 25 

Enter "your age : 25 

We are born in different years 

In main f ) , the statement 

if! my„age == your_age ) 

has the expression my_age sa your_age as a conditional expression, It returns true if my_ag^ 
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and your_agg are equal, otherwise it returns false. Note that 0 is treated as false, whereas any non- 
zero value is treated as true. 

Note that in C++, the operator for testing equality is = (two = signs placed together). One of the 
most common mistakes is to use a single = sign* to test for equality. For example, consider the statement 
i f ( my_age = your_age } 

The conditional expression evaluates to true even if my_age and your^age are unequal (except 
when your_age is equal to zero). This happens because the result of an assignment operator is the 
assigned value itsdf. (Consider my_age is 25 and your_age is 21.) Here* the value of your_age 
(25) is assigned to nry_age t and the assignment expression evaluates to 25* which is non- zero. Since 
any pon-zero value is considered to be true , the statements following the if (then-part) are executed. 

While using the relational operators, the fact whether the numbers being compared are signed or not 
becomes important. Neglecting this fact can lead to hard-to-fmd errors. The program charl + cpp 
illustrates the use of char type variables as 8- bit integers. 



if chart &ppi Using char as an 8~bit integer 
iinclude <iostream»h> 
void maint ) 



{ 



} 



// integer value being assigned to a char 
char c ■ 255 $ 
char d o - 1 ? 
if ( c < 0 ) 

COut << "C is less than 0\n M | 
else 

cout << M c is not less than G\n" ; 
if { d < 0 ) 



cout << "d 
else 

cout « 'd 

ift C d } 

cout « *c 
else 

cout << "c 



is less than 0\n M j 
is not less than 0\n” ; 
and d are equal ■ ; 
and d are not equal " ; 



Bm 

c is less than 0 
d is less than 0 
c and d -are equal 



In main [ ) , the statement 
if{ c == d } 

treats c and d as equal, although c is assigned with 255 and d is assigned with - 1 , It is because both of 
them are treated as signed numbers by default. This can be overcome by explicitly defining variables of 
type char as signed or unsigned while using them as 8 -bit integers, as illustrated in the piogram 
char2 . epp. 
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// char2.epp; Using char as an 8 -bit integer 
# include ’dostream,h> 
void main ( } 

{ 

// Integer value being assigned to a char 
unsigned char c = 255; 
char d = -1; 
iff c < 0 ) 

cout << "c is less than 0 \ n * ; 
else 

cout « "c is not less than 0 \n V; 
iff d < 0 ) 

cout << B d is less than 0\n m } 
else 

cout « 'd i3 not legs than 0\n*i 
if ( c « d ) 

cout « "c and d are equal ■ ; 
else 

cout « *c and d are not equal 1 ; 

I 

Bun 

c is not less than 0 
d is less than 0 
c and d are not equal 

4.13 Logical Operators 

Any expression that evaluates to zero denotes a FALSE logical condition, and that evaluating to non- 
zero value denotes a TRUE logical condition. Logical operators are useful in combining one or more 
conditions. C++ has three logical operators shown in Table 4.7. 



Operator 


Meaning 


kk 

ii 

i 


Logical AND 
Logical OR 
Logical NOT 



Table 4.7: Logical operators 



The first two operators && and 1! are binary, whereas the exclamation (!) is a unary operator and is 
used to negate a condition. The result of logical operations when applied to operands with ail possible 
values, is shown in Table 4.b. 

Logical AND; For example, consider the following expression 
a > b && x == 10 

The expression on the left is a > b and that on the right is x *== 10. The whole expression 
evaluates to true only if both expressions are true (if a is greater than b as well as x is equal to 10) 
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4.1 5 Compou nd Assignment Operators 

As discussed earlier, the assignment operator = (equal sign) evaluates the expression on the right and 
assigns the resulting value to the variable on the left. Other forms of assignment operators exist, which 
are obtained by combining operators such as +, *, etc., with the - sign as follows: 

variable operator- expresswn/comtani/funziion: 

For example, expressions such as 
i = i + 10; 

in which the variable i on the left hand side is repeated immediately after = sign, and can be rewritten in 
the compact form as follows: 
i +- 10? 

The operator += is known as compound assignment operator. Various possible compound assignment 
operators are shown in Table 4. 10. These operators evaluate the expiession on their right, and use the 
result to perform the corresponding operation on the variable on the left. Note that, only the binary 
operators can be combined with the assignment operator. 



Operator 


Usage 


Effect 


+= 


a += exp? 


a = a + (exp) ? 


-= 


a -= exp? 


a = a - (exp) ; 


*- 


a *= exp,* 


a * a * (exp) ; 


/- 


a /= exp; 


a = a / (exp) ; 


%= 


a exp? 


a = a % (exp) ? 


&= 


a exp? 


a ~ a & (exp)? 


1 = 


a j= exp? 


a = a | (exp) ? 


A = 


a A = exp? 


a = a A ( exp ) j 


<<= 


a <<= exp? 


a = a « (exp) ; 


»= 


a »= exp; 


a - a » (exp); 



Table 4J0: Compound assignment operators 



The statement 

variable operator- expression; 
is equivalent to 

variable - variable operator ( expression); 
Hence, a statement such as 
x *■ y + 2 ; 
is equivalent to 

x = x * (y + 2) t 
rather than 

x m x * y ■+■ 2; 
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4.1 6 Increment and Decrement Operators 

The C++ language offers two unusual unary operators for incrementing and decrementing variables. 
These are ++ and - - operators and are known as increment and decrement operators respectively. 
Thes** operators increase or decrease the value of a variable on which they operate by one. The 
speciality about them is that they can be used as prefix or postfix and their meaning changes accord- 
ingly. When used as a prefix, the value of the variable is incremented/decremented before being used in 
the expression. But when used as a postfix, it's value is first used in the expression and then the value 
is incremented/decremented. The syntax of the operators is given below; 

+ + Variable Name 
VariableName + + 

- -VanableName 
VariableName - - 

The operator ++ adds 1 to the operand and -- subtracts 1 from the operand. The prefix and postfix for 
increment expressions are shown below: 

++m and m++ 




a 

b 



Figure 4,7: Prefix and postfix increment 




Consider the following statements 

+ +I11J 

m++; 

In the above statements* it does not matter whether the increment operator is prefixed or suffixed, It will 
produce the same result. However* in the following examples* it does make a difference: 
int a ■= 0, b = 10? 

The statement 

a = ++b; 
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is different from 

a " b+ + * 

In the first case, the value of a after the execution of this statement will be 1 1 , since b is incremented first 
and then assigned. In the second case, the value of a will be 10, since it is assigned first and then 
incremented (see Figure 4.7). The value ofib in both the cases will be 11, These unary operators have a 
higher precedence than the binary arithmetic operators. The increment and decrement operators can 
only be applied to variables; an expression such as ( i+ j ) ++ is illegal 



4. 1 7 Conditio nal Operator (Ternary Operator) 

An alternate method to using a simple ifielse construct is the conditional expression operator ? ; . It is 
called the ternary' operator, which operates on three operands. It has the following syntax: 

expression I ? expression! : expressions 

Here the expression 1 is evaluated First; if it is true, then the value of expression! h the result; otherwise* 
the expressions is the result. The if -else construct 
if (a > b) 

z = a ji 

else 

z « bj 

which finds the maximum of a and b; it can be alternatively realized by using 
z = £a > b) ? a : b; 

It is illustrated in Figure 4 J. 




Figure 4.8: Ternary operation evaluation 
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In MinO , the statements 

cout « C tnum % 2) f "Odd" i "Even 11 ); 

(num % 2) ? cout « "Odd" ; cout « "Even" ; 

produce the same result. In the first statement, when the input value is 1G t it returns the string Even, 
which is passed to cout for display. The second statement executes 
cout << "Even" 

when the input is a even number, otherwise, it executes the first expression 
cout << "Odd" 

4.18 Special Operators 

Some of the special operators supported by C++ include sizeof* indirection comma, etc. The 
sizeof ( ) operator rerums the size of the data type or the variable in terms of bytes occupied in 
memory, as illustrated earlier. Another class of operators is the member selection operators (< and ->) 
which are used with structures and unions, The indirection and address operators * and Sl respectively 
are explained in detail in the later chapters. 

Comma Operator 

A set of expressions separated by commas is a valid construct in the C++ language, It links the related 
expressions together Expressions linked using comma operator are evaluated from left to right and the 
value of the rightmost expression is the result. For example, consider the following statement that makes 
use of the comma operator 

i * (j“3# j + 2); 

The right hand side consists of two expressions separated by commas. The first expression is j = 3 and 
the second one is j + 2, These expressions are evaluated from left to right, i.e., first the value 3 is 
assigned to j and then the expression j+2 is evaluated, giving 5. The value of the entire comma- 
separated expression is the value of the right-most expression. In the above example, the value as- 
signed to i would be 5, 

Some other typical situations where the comma operator can be used are the following: 

L fort int 1=2, j = 10; * . ; .. I 

2. t = x, x = y, y = t; // exchangee x and y values 

4.19 typedef Statement 

The typed® £ statement is used to give new names to existing data types, It allows the user to declare 
an identifier to represent an existing data type (with enhancement) as shown in the following syntax: 

typedef type identifier; 

where type refers to an existing data type and identifier refers to the new name given to the data 
type. For example, the statement, 

typedef unsigned long along ; 

declares u long to be a new type, equivalent to unsigned long. It can be used just like any standard 
data type in the propam. For example, the statement 
ulong u t 
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defines u to be of type ulong. Also s; zecf tulong) returns the size of the new variable type in 
bytes. 



4.20 Promotion and Type Conversion 

A mixed mode expression is one in which the operands are not of the same type. In this case* the 
operands are converted before evaluation, to maintain compatibility between data types. It can be 
carried out by the compiler automatically or by the programmer explicitly, 

Implicit Type Conversion 

The compiler performs type conversion of data hems when an expression consists of data items of 
different types, This is called implicit or automatic type conversion. The rules followed by the compiler 
for implicit type conversion is shown in Tahle 4.1 L 



Operand! 


Operand! 


Result 


char 


int 


int 


int 


long 


long 


int 


float 


float 


int 


double 


double 


int 


unsigned 


unsigned 


long 


double 


double 


double 


float 


double 



Table 4.11 : Automatic type conversion rule table 

Consider the Following statements to illustrate automatic type conversion 
float f • 10.0; 
int i = 0; 
i = f / 3f 

In this expression the constant 3 will be converted to a f 1 oat and then the floating point di vision will 
take place, resulting in 3,33333. This (integer to float) type of conversion, where the variable of a lower 
data type (which can hold lower range of values or has lower precision) is converted to a higher type 
(which can hold higher range of values or has higher precision) is called promotion , But the lvalue 
is an integer variable* hence* the result of t /3 will be automatically truncated to 3 and the fractional part 
will be lost. This (float to integer) type of conversion, where the variable of higher type is converted to 
a lower type is called demotion. 

The implicit conversions thus occurring are also called silent conversions since the programmer is 
not aware of these conversions. The flexibility of the C++ language, to allow mixed type conversions 
implicitly, saves a lot of effort on the part of the programmer, but at times, it can give rise to bugs in the 
program. 

The following statement illustrates the process of type conversion; 

int e? 
long X i 
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float f ? 
double d; 

l = l/ a+ f*d-d; 

The variables a and £ are type converted to long and double respectively. The process of type 
conversion leading to data promotion or demotion while assigning ihe computed result (if necessary)* 
is shown in Figure 4.9. 

int a; 
long 1 ; 
float f; 
double d; 

1-1 -/a + f * d - d 




Figure 4,9: Automatic type conversion 



Explicit Type Conversion 

Implicit type conversions, as allowed by the C++ language, can lead to errors creeping into the program, 
if adequate care is not taken. Therefore, the use of explicit type conversion is recommended in mixed 
mode expressions. It is achieved by typecasting a value of a particular type, into the desired type as 
follows: 

{type) expression 
(type) variable _name 

The expressi on/ variable is converted to the given type. Consider the expression: 

(float} i+f 

It type casts the variable i of type integer to float. Another syntax for type conversion, which is 
specific to C++ is as follows: 
type( expression ) 
type( variable _name ) 

Typecasting can also be used to convert from a higher type to a lower type. For example, if £ is a float 
whose value is 2.7, the expression 
int ( f ) 

evaluates to 2. The program coerce . epp illustrates the different ways of achieving type conversion 

/ / coerce. epp: type conversion 
# include <iostream. h> 
void xnainO 
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{ 

int i t j ; 
float C; 

1 = 12 ; 

2 - 5 ; 

cout << "when i = 1 « i « " j = " « j « endl; 

f = i/d; 

cout <-c "i/j = p << f << endl; 
f * { float) i/d ; 

cout << w (float) i/ j = * « f << endl; 
f * f loat (i> / j ; 

cout << H float CiJ/j a H << f « endl; 
f = i /float (d) ; 

cout « = 11 << f << endl; 

1 

Syo 

when I a 12 j = 5 
i/j - 2 

{ f loat.) i/d «2.4 
float (i) / j =2,4 
i/f loat { j! = 2.4 

4.21 Constants 

A constant does not change its value during the entire execution of the program. They can be classified 
as integer, floating point, character, and enumeration constants. 

(i) Integer Constants 

C++ allows to represent the integer constants in three forms. They are octal, decimal, and hexadecimal, 

Octal System (Base 8): Octal numbers are specified with a leading zero, rest of the digits being 
between 0 and 7, For instance, 0175 is an integer constant specified in octal whose base- 10 (decimal) 
value is 125. 

Decimal System (Base 10): It is the most commonly used system. A number in this system is 
represented by using digits 0-10, For instance, 175 is an integer constant with base 10. 

Hexadecimal Sy stem (Base 16): Hexadecimal numbers are specified with Ox or Ox in the begin- 
ning. The digits that follow Ox must be numbers in the range 0-9 or one of the letters a-f or a-f. For 
example, Oxal is an integer constant specified in hexadecimal whose base- 10 or decimal value is 161. 
OXal is the same as Gxal, or QxAl, i.e., either a lower case or an upper case x can be used. 

A size or sign qualifier can be appended at the end of the constant. The suffix u is used for 
unsigned int constants, 1 for long int constants and s for signed int constants. It can be 
represented either in upper case or lower case. 

Examples: 

). Unsigned integer constants 

£ ,670§O 

36709u 
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2. Long integer constants 
7GB99D9L 
76B9909I 

067 542414 (A long integer constant specified in octal), 

0x34 adl ( A 1 ong i n tegcr constant spec i fled i n hexadec im al ). 

0 x £ 4 A3 L ( A Ion g i n teger con stant i n hexadec im al wi th upper and 1 o wer case 1 etters ), 

3. The suffixes can be combined, as illustrated in the following unsigned long integer constants. The 
suffixes can be specified in any order. 

6578390994U1 

6578890994ul 

(n) Floating Point Constants 

Floating point constants have a decimal point, or an exponent sign, or both. 

Decimal notation: Here the number is represented as a whole number, followed by a decimal point 
and a fractional part. Il is possible to omit digits before and after the decimal point. 

Examples of valid floating point constants: 

125,45 241. .976 -.71 +.5 

Exponential notation: Exponential notation is useful in representing numbers whose magnitudes 
are very large or very small. The exponential notation consist of a mantissa and an exponent. The 
exponent is positive unless preceded by a minus sign. The number 231,78 can also be written as 
0.23l78e3, representing the number Q.231?8*1Q 3 > The sequence of digits 23178 in this case 
after the decimal point is called the mantissa, and 3 is called the exponent. 

For example, the number 75000000000 can be written as 7 5e9 or 0.7 5s 11. Similarly . the 
number 0,00000000045 can be written as 0.45e-9. 

(i) The following examples are valid constants 
2000.0434 

3 . 4e4 
3E8 

(ii) The following are some invalid constants. 

2,000.0434 - comma not allowed 

3 . 4E . 4 - exponent must be an integer 

3e 8 - blank not allowed, 

Normalized exponential representation is one in which the value of the mantissa is adjusted to a 
value between 0 ,1 and 0.99, for example, the number 7 5000000000 is written as 0.7 Sell 

The rules governing exponential representation of the real constants are given below: 

* The mantissa is either a real number expressed in decimal notation or an integer. 

« The mantissa can be preceded by a sign. 

* The exponent is an integer preceded by an optional sign. 

+ The letter e can be written in lowercase or uppercase. 

* Embedded white space is not allowed. 

By default, real constants are assumed to be double, Suffixes f or F can be used to specify the float 
values. For example, 0 . 2 57 is assumed to be a double constant, while 0 * 2 57 f is a float constant. 
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Run 

Notes You will hear a beep sound, 

Examples: 

(t) cout << * \ \ is a backslash .%* will print as follows: 

\ is a backslash, 

(ii) cout « "This \ " is a double quote."; will print 
This '* is a double, quote. 

(Iv) String Literals 

A string literal is a sequence of characters enclosed in double quotes. The characters may be letters, 
numbers, escape sequences, or blank space. To make it easier, string constants are concatenated at 
compile time. For example, the strings: 

"C++ is the base" and, 

"C + + is ■ H the best" are the same, 

An important difference: 'A T and "A M 

The notations ! A 1 and Pl A " have an important difference. The first one ( 1 A 1 ) is a character constant, 
while the second (“A") is a string constant. The notation 1 A' is a constant occupying a single byte 
containing the ASCII code of the character A. The notation "A" on the other hand, is a constant that 
occupies two bytes, one for the ASCII code of A and the other for the null character with value 0, that 
terminates all strings. The statement 
char ch = ' R " ? 

assigns ASCII code of the character H to the variable ch t whereas the statement 
char *str * “Hello OQPs ] * ; 

assigns the starting address of the string Hello OQPs ! to the variable str. 

4.22 Declaring Symbolic Constants- Literals 

Literals are constants to which symbolic names are associated for the purpose of readability and ease 
of handling, C+-* provides the following three ways of defining constants; 

« # define preprocessor directive 

* enumerated data types 

* const keyword 

The keyword const is already discussed in the chapter 2. The following section discusses macros and 
enumerated data types. 

#define Preprocessor Directive 

The preprocessor directive #def ine, associates a constant value to a symbol and is visible through- 
out the module in which it is defined. The symbols defined using # define are called macros , The 
syntax of idefine directive is 

fdefine SymtoolName ConstantValue 

Examples: 

* define MAX_VA R 10 0 
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# define PI 3.1452 
t define NAME ’’Ra jkumar “ 

The preprocessor will replace all the macro symbols used in the program by their values before 
starting the compilation operation. For instance, the statement, 
area * PI * radius # radius ; 
is translated as, 

area = 3,1452 * radius * radius; 
by the processor if there exist a preprocessor directive, 
idefine PI 3.1452 

in the program and before the statement referencing to it. The definition of macros can be superseded 
by a new definition. For instance, the symbol Pi can be redeclared as, 

Idefine PI (22/71 

The program city, cpp illustrates the superseding of the value of old macro symbol by a new decla- 
ration . 

/ / city.cpp: superseding of macros 
# include <iostream. h> 
idefine CITY "Bidar* 
void whichucity O ; 
void main t ) 

{ 

cout << “Earlier City: 
cout << CITY « endl| 
idefine CITY “Bangalore* 
cout << "New City; " ; 
cout « CITY « endl $ 
whieh^eity {} ; 

3 

void which_city ( J 

C 

cout << "City in Function: " ; 
cout << CITY; 

) 

Run 

Earlier City; Bidar 
New City; Bangalore 
City in Function: Bangalore 

In the above program, initially the macro constant city is declared with the value -'Bidar"' , The 
statement in the beginning of the main O function 
cout << CITY *:< endl; 
will print the message 
Bidar 

as seen in the output of the program, However, the same statement at the end of main ( 1 and in the 
function which_city() prints the message 

Bangalore 

Thus, the most recent declaration of the macro constant will supersede the earlier one. Macro constants 
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behave similar to global variables except that they are visible From the point of their declaration. 

The important advantages of using macro symbols include die following; 

* Program coding is easier 

* Enhances program readability 

* Program maintenance is easier 

The disadvantage of macro constants is that* they do not support the specification of the data-type 
in the declaration; any type of value can be assigned (either integer, float, or string). 

4.23 Enumerated Data Types 

An enumerated data type is a user defined type* with values ranging over a finite set of identifiers called 
enumeration constants. For example, 

enum color (red, blue, green} ; 

This defines color to be of a new data type which can assume the value, red, blue,or green. Each 
of these is an enumeration constant. In the program, color can be used as a new type. A variable of 
type color can have any one of the three values: red* blue or green. For example, the statement 
color c; 

defines c to be of type color. Internally* the C++ compiler treats an entim type (such as color) as an 
integer itself. The above identifiers red, blue* and green represent the integer values of 0, l t and 2 
respectively. So* the statements 
e - blue? 

cout << *As an int, c has the value ■ << a 

will print 

As an int, c has the value 1 

Constant values can be explicitly specified for the identifiers. When the value for one identifier is 
specified in this manner* the value of the next element is incremented by one (next higher integer). For 
example* if the definition of co lor is 

enum color {red = 10, blue, green = 34}; 
then the statement c = red yill assign the value 10 to c. Thereafter, the statement 
c = blue; 

assigns the value 11 to c* and the statement 

C " green; 

assigns the value 34 to c. (If no value is specified for green in the declaration* it would assume the 
value 12). 

Enumeration is a convenient way to associate constant integers with meaningful names. They have 
the advantage of generating the values automatically. Use of enumeration constants, in general makes 
the program easier to read and change at a later date. 

Names of different enumeration constants must be distinct* The following example is invalid. 

enum emotion {happy, hot, cool}; 
enum weather (hot, cold, wet); 

It is not difficult to see why the above declarations are invalid; the name hot has the value 1 in the 
enum emotion and the value 0 in weather* In the program, if the name hot is used* there is 
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ambiguity as lo which value to use. On the other hand, values need not be distinct in the same enumera- 
tion. For example, the following declaration is perfectly valid: 
enum weather (hot , warm = 0 , cold, wet!; 

The names hot and warm can be interchangeably used, since both represent the value 0. 

Consider the folio wing enumeration statement 
enum flag { false, true }; 

It declares the identifier flag as an enumerated data type. It can be further used in the definition of 
enumerated variables as follows: 

flag flagl; / / holds either false or true 
In this case, the variable flagl is defined as an enumerated variable of type flag and always holds 
the value either true or false as follows: 
flagl = true; 

If an attempt is made to assign any value other than true or false , the compiler generates a warning. 

flagl - 3; //warning: trying to assign integer to flagl 
Use only enumerated constants with enumerated variables. The muhimodule programs color 1 ► epp 
and co lor 2 , epp illustrate some critical points on enumerated data types, 

/ / color "Lcpp: main having enum typedef and calling function from color 2 * epp 
# include <iostream,h> 

typedef enum Color { red, green, blue }; / / red = 0 , green = 1, and blue * 2 
void PrintColor { Color c } ; 
void main t ) 

{ 

cout << "Your color choice in col or 1. epp module: green* « endl ; 

PrintColor { green ); // calls module in color2 . epp 

} 

// color2, epp i prints color name based on color code 
# include <ios tream, h> 

typedef enum Color { red, blue, green }; // red = 0, blue = 1, and green = 2 
void PrintColor! Color c ) 

C 

char "color; 
switcht c ) 
l 

case red: // case 0 

color = •red 1 '; 
break; 

case blue; // case 1 
color ■ "blue 11 ; 
break ; 

case green: // case 2 
color = •green*; 
break; 

) 

cout << "Your color choice as per color2 . epp module: * « color; 

1 
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Run 

Your color choice in col or 1 * cpp module: green 
Your color choice as per colors. cpp module: blue 

The modules color!* cpp and color 2 . cpp must be compiled and linked together in order to 
create an executable code. The command to create an executable version of these modules, in the 
Borland C++ environment is: 

be c co lor 3L cpp color2,cpp 
It creates the executable Fde col or 1 .exe. 

The enumeration declaration statement in col or 1 ,cpp 
typedef enom Color red, green, blue } ; 
creates three constant symbols red, green, blue with 0, l , and 2 respectively. It can be written without 
the use of typedef keyword as follows: 

enum Color { red* green, blue ); 

An enumerated variable can be defined using the statement 
Color cl: 

although, the typedef keyword is missing. The enumeration declaration statement in col or 2 . cpp 
typedef enum Color { red, blue, green }; 
creates three constant symbols red, green, blue with 0, I, and 2 respectively. Note that, the enumerated 
symbol green has the value 1 in the first module color 1 « cpp whereas, it has the value 2 in the module 
colors .cpp. The statement in colorl * cpp 

PrintColor { green ); // calls module in colors. cpp 

invokes the Pr intColor ( ) defined in the color2 . cpp module with the enumerated symbol green 
| whose value is 1 in color 1 * cpp) to print the message green. Instead it prints the message blue; 
the enumeration declaration incolcr2.cpp declares the symbol green having the value 2 and blue as 
1 , The value of symbol green in color i , cpp is the same as that of the symbol blue incolor2 . cpp. 
This can be observed from the switch statement with the enumerated variable c in the color2 . cpp 
module. Such inconsistent enumeration declaration must be avoided, and they must have the same 
declaration in all the modules constituting a program, Thus, enumeration variables can be defined in 
any module, but it is de fined according to the enumeration declaration in its own module. Enumerated 
constants will have the same value as declared in the current module. In the above program, the module 
colorl . cpp has enumeration declaration: 

typedef enum Color { red, green, blue }j 
and the module colcr2 .cpp has the enumeration declaration: 
typedef enum Color ( red, blue* green 

Note that, in the above declarations, enumeration constants green and blue will have different value 
in different modules. Such mismatch in declaration will generate wrong results. Therefore* the call 
PrintColor( green ) ; 

in the module colorl * cpp prints blue instead of green. 

4.24 Macro Functions 

The preprocessor will replace all the macro functions used in the program by their function body before 
the compilation. The distinguishing feature of macro functions are that there will be no explicit function 
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5.1 Introduction 

In real- world, several activities are initiated (sequenced), or repeated based on some decisions. Such 
activities can be programmed by specifying the order in which computations are carried out Flow 
control is the way a program causes the flow of execution to advance and branch based on changes in 
the data state. Branching, iteration, dispatch, and function calls are all different forms of flow control. 
Flow control in C++ is nearly identical to those in C Many C programs can be converted quite easily to 
C++ because of this similarity The C++ language offers a number of control flow statements: for, 
while, do -while, if -else, else- if „ switch! goto. Although all of them can perform opera- 
tions such as looping or branching! each one of them is convenient for a particular requirement. The 
control flow statements can be broadly categorized as, branching and looping statements. 

Branching Statements 

Branching statements alter sequential execution of program statements. Following are the branching 
statements supported by C++: 

(a) if statement 

(b) if-else statement 

(c) switch statement 

(d) goto statement 

Among all the above statements, goto is the only unconditional branching statement. 

Looping Statements 

Loops cause a section of code to be executed repeatedly until a termination condition is met. The 
following are the looping statements supported in C++: 

(a) for statement 

(b) while statement 

(c) do-while statement 

The goto statement can be used for looping! but its use is generally avoided as it leads to haphazard 
code and also increases the chances of error. 

5.2 Statements and Block 

An expression such as a = 1000, x-m% or cout « “Hi“* when followed by the semicolon, 

becomes a statement. For example, the following 

a = 1000; 
x++; 

cout « “Hi" ; 
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are treated as C++ statements. In C++, the semicolon is a statement terminator, rather than a separator as 
in Pascal. 

C++ allows grouping of statements, which have to be treated as an entity and the resulting group is 
called compound statement or block It consists of declarations, definitions, and statements enclosed 
within braces { and } as follows: 

{ 

int a? 
int b = 10? 
a = b + 100? 



) 

Note that, there is no semicolon after the right brace that ends a block. A block is syntactically 
equivalent to a single statement. Any variable defined within a block is local to the block and it si not 
visible outside the block. Blocks are very useful when branching or looping action is to be applied on 
a set of statements depending on a particular decision. Examples illustrating the use of a block will be 
discussed later. 

5.3 if Statement 

The i f construct is a powerful decision making statement which is used to control the sequence of the 
execution of statements. It alters the sequential execution using the following syntax: 
test-expression ) 
statement; 

The test- express ion should always be enclosed in parentheses. If test-expression is true (nonzero), 
then the statement immediately following it is executed. Otherwise, control passes to the next statement 
following the if construct. The control flow in the if statement is shown in Figure 5.1, 

false ~ ~ t r - - * true 

f if ( . ’expression;: ) / 

t f ' . * 



^ - <•* 

*s tatement ; 4 - - - 

Figure 5.1 : Control flow in It statement 

Notice that there is no then keyword following the test expression, as there is in BASIC and Pascal. 
The program agel . epp illustrates the use of if statement for making a decision. 

// agel cpp: use of if statement 
^include <ios treanuh> 
void main!) 

( 

int age? 

cout « 'Enter your age ? * ? 
cin >> age? 

iff age > 12 && age < 20 ) 

cout « 'you are a teen-aged person, good!*? 

> 
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W ben test-expression is true (nonzero), the if-part is executed and control passes to the next state- 
merit following the if construct. Otherwise, the else-part is executed and control passes to the next 
statement. The program age 3 * cpp illustrates the use of the if-el&e statement. 

// ageSxpp: use of if., else statement 
• include < lost ream *h> 
void main ( ) 

{ 

int age; 

cout « "Enter your age; ■ j 
cin » age; 

if{ age > 12 && age < 20 I 

cout << "you are a teen- aged person, good!*; 
else 

cout << "you are not a teen-aged person."; 

) 

Bual 

Enter your age: 15 

you are a teen-aged person, good! 

Run2 

inter your age: 20 

you are not a teen “aged person. 

In main U , the statement 

iff age > 12 && age < 20 } 

generates different types of output depending on the input values. If the test expression is true, the 
statement 

cout « "you are a teen-aged person, good!"? 
is executed. Otherwise, the statement 

cout « "you are not a teen- aged person."; 
in the else-part is executed. 

Compound Statement with 

In the if- else construct, the if- part, or else-part, or both can have a compound statement as follows: 
ij{ test-expression) 

i 

statement l; 
statement 2; 

) 

else 

l 

statement 3 ; 
statement 4; 

) 

The program lived, cpp illustrates the use of the compound if -else statements. 
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// lived. Cpp: single if statement validates input data 
# include <iostreair».h> 
void main { ) 

{ 

float years , secs; 

cout « 11 Enter your age in years: ■ ; 
cin » years i 
i £ ( years < 0 ) 

cout << "I am sorry! age can never be negative 11 << endl; 
else 
{ 

secs = years * 365 * 24 * 60 * 60? 

cout « "You have lived for * « secs << ■ seconds * ? 

} 

) 

Runl 

Enter your age in years : 

1 am sorry! age can never be negative 

Run2 

inter your age in years: H 

You have lived for 7,884e+08 seconds 

5.5 Nested if Statements 

Multi-way decisions arise when there are multiple conditions and different actions to be taken under 
each condition. A multi-way decision can be written by using if -else constructs in the else-part as 
follows: 

ifi test-expression I } 
statement 1; 
else 

ifi test- expression! ) 
statement!; 
else 

ifi teshexpressionS } 
statement3; 

Here, if test-expression 1 is true, the whole chain is terminated. Only if test-expression I is found false, 
the chain of events continue. At any stage If an expression is true, the remaining chain will be termi- 
nated, The program age 4 .cpp illustrates the use of nested i£-else statements, 

// aged. cpp: use of if. .else, .if statement 
# include <iostream-h> 
void* main () 

{ 

int age? 

cout « "Enter your age: B ; 
cin » age? 

if ( age > 12 && age < 20 ) 
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COut << "you are a teen-aged person. goodl**; 
else 

iff age < 13 } 

cout << "you will surely reach teen-age. 
else 

cout << "you have crossed teen-age' *; 

1 

Bmi 

Enter your age: i£. 

you are a teen-aged person, good! 

Rm2 

Enter your age; 25 

you have crossed teen-age I 

In the above program, the nested if -else statement fakes decisions based on the input data and 
displays appropriate messages for any given input. It proceeds to match the input data with various 
conditions when the earlier condition fails to decide the fate of the input data. Note that in case of 
nested if-else statements, the els© statement is always associated with the corresponding inner most 
if statement. 

Indentation 

In all the above examples, the statements inside the if construct are indented. The C++ language, 
however, does not expect indentation of statements. It is done merely for improving program readability. 
The importance of indenting becomes evident during the usage of nested if statements (if statements 
within other if statements; any number of nested-if statements are allowed). For example, consider the 
following if statement 

i£{ a > b ) if ( a > c I big = aj 
else big = c ; 

The above statement is perfectly valid as far as the compiler is concerned, but it is very difficult for the 
programmer to decipher it, An indented version of this is listed below: 

if t a > b ) 
if ( a > c ) 
big = a | 
else 

big = c; 

From the above code it can be observed that, indentation enhances the readability of the code and 
helps in understanding the flow of control with ease. 

Nested if-else statements can be conveniently replaced by a new construct called switch. It 
allows to choose among several alternatives; it is. dealt later in this chapter, 

5.6 for Loop 

The for loop is useful while executing a statement a fixed number of limes. Even here, more than one 
statement can be enclosed in curly braces to form a compound statement The control flow in the for 
loop is shown in Figure 5.3. 
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Notice the changes: the value of i is initialized to 30, the test expression involves the condition 
instead of the <= as in the previous example, and the update expression i - = 2* decrements the value 
of i. But the output in this case is identical to the first. 

The comma operator is especially useful in for loops, The initialization, test, or update part having 
multiple expressions can be be separated by commas. For instance, 
fort i = 0, j * - 5 ? i < 25 1 i++ f j-- ) 

{ 

cout << i << p ■ << j f 

) 

Another interesting feature of the for loop is that any of the three components (the initialization, 
test and the update components) may be left out* however, the separating semicolons must be present. 
The variants of the for loop are shown in Figures 5,4. 



Keyword 



Initialization expression 
■ lest expression 

Update expression 



(!) for ( j > 4 i j « 25 
statement 



j++ } » X No semicolon here 

Single-statement body 



(\\) for ( i m 0 ; 
t 

statement 



statement 



j < is ; j++ l ► X No semicolon here 

^ Compound statement body 



(ili) fort j = 0 ; j < 25 i j+t } ; * Has the same effect as j = 25; 



Civ) fort 
N) for ( 
(Vi) fort 
(vii) fort 



i = 0 ,j = 10 i 
cout « i j ? 

i j < 25,* j++ } 
COUt « j ; 



Multiple initialization and 
multiple update using 
comma operator 



Initialization expression 

not used 



; i J++) 
cout << j; 

; ; ) 

cent « *1 cannot stop, * ? 



* Initialization and test 

expressions not used 

Initialization, test, update 
expressions not used 



Figure 5.4: Variants of for loop 

Hie program no ini t ♦ cpp, prints the first 10 multiples of 5, in which the for loop has only the test 
component. 

// noinitcpp: for loop without initialisation and updation 
f include < iostream.il> 
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void main!) 

C 

int: 1 = 1; 
fort t i<=10 1 > 

{ 

cout << i*5 << ■ ■ ; 

} 

} 

Em 

5 10 15 20 25 30 35 40 45 50 

Ip main O , the statement 
int i * 1; 

is introduced before the for loop, Also, Instead of the update expression, i is incremented inside the for 
loop body. Note again that the C++ language does not require the user to indent statements in a for 
loop* The lines are indented merely for enhancing program appearance (readability)* 

The nested for loops are used extensively in developing programs for solving matrix multiplica- 
tion, numerical analysis, sorting, and searching problems. The program pyramid . cpp illustrates the 
use of nested for loops in generating a pyramid of numbers. 

// pyramid. cpp: constructs pyramid of digits 
# include <iostream*h> 
void main ( ) 

{ 

int p, i, q, n; 

cout « "Enter the number of lines? " ; 
cin » n; 

for Cp = 1; p <= m p++) 

I 

if To print spaces 
for (q * lj q <• n-p t q++) 
cout << ■ ■ ; 

// To print numbers 
m = p; 

for tq = 1; q p; q«-+) 

{ 

cout ♦ width (4 ) r 
cout << m++ ; 

1 

m = m - 2 1 

for (q = If q < p; q+ + ) 

( 

cout - width ( 4} ; 

cout « m-j 

) 

cout « endl r 

} 
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// bln2dechcpp: conversion of binary number to its decimal equivalent 
# include <iostream. h> 
void main I ) 

( 

int binary, decimal " G, digit, position = 0; 
cout « "Enter the binary numbers * ; 
cin >> binary; 

// converting binary to decimal 
while ( binary ) 

( 

digit = binary % 10; // extract binary bit 

decimal + - digit << position; // newvalue = oldvalue + 2 ^position 
binary /- 10; // advance to next bit 

position += 1; // advance to next bit position 

} 

cout « "Its decimal equivalent * ■ « decimal; 

} 

Baa 

Enter the binary numbers 111 
Its decimal equivalent - 7 



5.8 do. .while Loop 

Sometimes, it is desirable to execute the body of a while loop at least once, even if the test expression 
evaluates to false during the first iteration. In effect, this requires testing of termination expression at 
the end of the loop rather than the beginning as in the while loop. So the do-while loop is called a bottom 
tested loop. The loop is executed as long as the test condition remains true. Hie control flow in the 
do * , while loop is shown in Figure 5.6. Note the semicolon (;) following the while statement at the 
bottom. 




)while( condition' ) ; 
statement;-# 'false 



Figure §.S: Control flow in do„wMI* loop 



The program count3 .cpp illustrates the use of the do. .while loop. 



i § COunt3*cpp; display numbers 1. . N using do. .while loop 
♦include <i os cream h» 
void mainO 
C 

int n; 

cout « "How many integers to be displayed: * ; 
cin » n; 
int i a 0j 
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// pat.cpp: to check for a palindrome 
# inc lude< i o s t r earn. , h> 
void main { ) 

{ 

int n, num, digit, rev * 0 1 
cout « "Enter the number i ■ ; 
cin » num; 
n = num; 
do 
< 

digit * num % 10 ; 
rev * rev * 10 ■+■ digit; 
num 10; 

} while f num 1 = 0 ) ; 

cout « "Reverse of the number = ■ « rev « endl; 
if in == rev) 

cout « "The number is a palindroma\n* j 
else 

tout « "The number is not a pa 1 indrome \n * t 

} 

Runl 

Enter the numbers 123 
Eeverse of the number = 321 
The number is not a palindrome 

Run2 

Enter the number; 121 
Reverse of the number = 121 
The number is a palindrome 



5.9 break Statement 



A break construes terminates the execution of loop and the control is transferred to the statement 
immediately following the loop. The term break refers to the act of breaking out of a block of code. The 
control flow in for, while, and do -while loop statements with break statement embedded within 
their body is shown in Figure 5*7, 



for ( ini tj exprlf e.xpr2 } 
* _ true 

■ ■ * * r * "■ \ 

i f I condition I i 

break; 

} i 

statement; 



while {expr) 

{ 

if {condition) 
break; 



statement; 



true 

x 

4 



do 

( true 

if {condition) ] 
break; ^ - ** 

■ * * * H > v 
) while (condition) f > 

statement; 

* " 



Figure 5.7: brack statements In loops 
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// average2.cpp: find the average of the marks 
# include <loetream.h> 
void main ( } 

{ 

int i, sum = 0, count = 0, marks; 

cout « "Enter the marks, -1 at the end--,\n' , j 

while { 1 ) 

{ 

cin » marks | 
if ( marks - = -1 ) 
break ; 

sum += marks; 
count+*i 

} 

float average - sum / count ; 

cout << "The average is ■ « average? 

} 

Bun 

Enter the marks, -1 at the end, . . 

M 

25 

M 

21 

rl 

The average is 77 

5.10 switch Statement 

The switch statement provides a clean way to dispatch to different pans of a code based on the value 
of a single variable or expression. It is a multi* way decision-making construct that allows choosing of a 
statement (or a group of statements) among several alternatives. The control flow in the switch state- 
ment is shown in Figure 5,8, The swi tch statement is mainly used to replace multiple if-else sequence 
which is hard- to-read and hafd-fo-maintain. 

The expression following die switch keyword is an integer valued expression. The value of this 
expression decides the sequence of statements to be executed. Each sequence of statements begins 
with the keyword case followed by a constant integer, (Note that constant characters may also be 
specified), Control is transferred to the statements following the case label whose constant is equal to 
the value of the expression in the switch statement, The default part is optional in the switch 
statement. The keyword break is used to delimit the scope of the statements under a particular case. 

switch ( option ) 

£ 

case 1: cout « "Option # 1 entered " ; 
break; 

case 2: cout « 11 Option # 2 entered" ; 
break; 

default: cout « "Invalid option entered"; 

) 
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In the above segment* if option is 1 , then the first cout will be executed and the control will pass 
to the next statement after the switch. Otherwise* the rest of the case statement will be evaluated in 
the same way. If none of them match, then the last coat with the default will be executed. 



switch ( e f ' v 

£ 

i \ 

case cl: ^ if(e==cl) J 

'■ break; 



case c2 t 



if{e==c2) / 



break; 



\ \ default: 4-'' if texcept above cases) 

v ' * ' s Y [ \ V ’ B + : 

* w ^ ■ . 

* \ % \ break; 



\H ) " 

* a tat ft 



statement ? 



Figure 5.8: Control flow in switch statement 

The break statement is essential for the correct realisation of the switch structure* It causes exit 
from the switch structure after the case statements are executed. The break can be omitted in which 
case the control falls through to the next case statements. For example, omitting the break statement 
in the first case statement will cause both the case 1 and case 2‘s body to be executed. The 
break statements can be omitted when the same operation is to be performed for a number of cases as 
illustrated below: 



switch { 

t 


ch ) 






case 


'a 1 i 






case 


1 e ' : 






case 


f 1 J : 






case 


*q a t 






case 


1 u ' t 


++ 


vowe 1 ; 


break; 






case 


* i , 


++ 


spaces ; 


break; 
default t 


■¥ + 


consonant; 



} 



In the above segment, when the contents of ch is equal to a vowel character, the statement 
++vowel; 
is executed. 

The different cases and the default keyword may appear in any order. The program sex2 . epp 
illustrates the use of switch construct in replacing the nested if -else statements. 
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/ / S0X2*Cpp: use of switch statement 
t include <ios cream *h> 
void main | 3 
{ 

char ch; 

cout << "Enter your sex (m/f| ; *; 

cin >> ch; 



switch { ch } 
{ 

case 1 m r : 












cout << 
break; 


"So 


you 


are 


male . good!", 




case T 1 j 












cout « 
break; 


"So 


you 


are 


female* good: 


! * ; 


default : 


// 


if none 


of the above 


match 


cout « 


" Error : 


Invalid sex code! 


1 * » 
* ir 



) 

} 



any 



cases 



Bunt 

Enter your sex (m/f ) s m 
So you are male, good! 

Run2 

Enter your sex fm/f ) : fe 
Error: Invalid sex code! 



5.11 continue Statement 



The continue statement skips the remainder of the current iteration and initiates the execution of the 
next iteration. When this statement is encountered in a loop, the rest of die statements in the loop are 
skipped, and the control passes to the condition, which is evaluated, and if true, the loop is entered 
again. The continue statement has the following syntax: 
continue; 

The control flow in for, while, and do , , while loops with continue statement embedded within 
their body is shown in Figure 5.9* 



* " -H, 

for m; ) * 

{ 

if { exprj **' 

continue ; ** " 

> 



while ( ******* 

( 

if (expr) / 

continue; - * 

> 



do 

{ 

if JexprJ 

continue; - ^ 

\ 

} while ( 



Figure 5*9: Operational flow with eontinue statement 

The program sumpos , cpp accepts an indefinite number of values from the keyboard and prints 
the sum of only the positive numbers. It demonstrates the use of break and continue statements* 
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5.12 goto Statement 

The C++ language also provides the much abused goto statement for branching unconditionally to 
any part of a program , A debate on whether the use of the goto construct in structured programming 
is essential or not, is purely academic, but practically, the goto, is never necessary and therefore is not 
used by many programmers. However, there are certain places where the use of goto becomes manda- 
tory, For instance, to exit Irom some deeply nested loops, goto can be used* The general format of a 
goto statement is: 

goto label; 

Here label is an identifier used to label the target statement to which the control should be trans- 
ferred, Control may be transferred to any other statement within the current function. The target state- 
ment must be labeled and the label must be followed by a colon* The target statement will appear as 
label: statement; 

Note that the declaration of the label symbol is not required. The program jump , cpp is equiva- 
lent to the program sump os . cpp discussed above. It uses goto statement instead of the break 
statement. 

/ / jump. cpp: sum of positive numbers using goto construct 
♦include <iostream.h> 
void main!) 

( 

int num, total = 0; 
do 
{ 

cout « * Enter a number (D to quit) t ■; 
cin >> numj 
if ( num 0 } 

{ 

cout « “end of data entry** « endl; 

goto dataend; // transfer to dataend position 

} 

i f f num < 0 ) 

{ 

cout « ■ skipping this number," << endl ; 

continue; // skips next statements and transfers to start of loop 

} 

total num; 

} while {1) ; 

dataend: cout « 'Total of all +ve numbers is M « total; 

} 

Run 

Enter a number (0 to quit) : 1 Q 

Enter a number (0 to quit) : 2$L 

Enter a number (0 to quit}: - 5 
skipping this number . 

Enter a number (0 to quit! : 1 0 

Enter a number {0 to quit) ; 2 

end of data entry. 

Total of all +ve numbers is 40 
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Review Questions 

5*1 Discuss the need of control flow statements in C++. 

5*2 What are the differences between break and continue statements ? Develop an interactive pro- 
gram which illustrates the differences. 

53 Justify that "goto statement cannot be used to transfer control from outside to inside the loop" 
5*4 Write an interactive program to print a given integer in the reverse order. For instance, 1 254 should 
be printed as 4321 , 

S3 Write an optimized algorithm (program) to print the first N prime numbers, where N is a number 
accepted from the keyboard. 

5.6 Write a program to print the sum of all squares between 1 and N, where N is a number accepted 
from the keyboard i,e. t 1 + 4 + ...» + (N*N) . 

5*7 Develop a program to find the roots of a quadratic equation, Use switch statements to handle 
different values of the discriminant (b^4*a*c), 

5.8 State which of the following statements are TRUE or FALSE. Give reasons. 

(a) Use of goto helps in developing structured programming. 

(b) In if statement if the if condition fails, else-part is executed, 

(c) The value - 1 is treated as false. 

(d) The switch statement can have more than one matching cases. 

(e) The break statement terminates the execution of the loop, 

(f) Explicit transfer of control from outside the loop to inside is logically correct, 

(g) The use of an expression such as a = b as a test expression is not encouraged. 

S3 Write a program to compute the exponential value of a given number x using the series' 
e(x)= l+x+x*/2!+x*/31+... 

5.10 Write an interactive program for computing the factorial of a number using the while loop, 

5.11 Write a program to generate reverse pyramid of digits, 

5»12 Write an interactive program to compute the cosine of a number using the series: 
cos(x)= 1 -x a /2 ! +x V4 !-x*y6!+. „ 

5.13 Write an interactive program to compute the area of a triangle for the following cases: 

a) for 3 sides of a triangle (a, b, and c): 

p ® a + b + c ,* 
s - ta + b + c) /2; 

area * sqrt ( {double Ha* («-a) * (a-b) * { s-c ) ) ) j 

b) for right angle triangle: area = (base*height ) /2 

5*14 Write a program to print the multiplication table using do. .while loop, 

5,15 Write an interactive program to draw a histogram of marks scored in different subjects as follows: 
subjectl s ************************ (50%1 
subject2 : *********************************** (72%) 

5*16 Write a program to print a conversion chart of various currencies as shown in the table below: 



us $ 


Rs 


Dinar 


Yen 


Pound 




.... 




• * - * 


.... 
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6.1 Introduction 



An array is a group of logically related data items of the same datatype addressed by a common name, 
and all the items are stored in contiguous (physically adjacent) memory locations. For instance, the 
statement 

int macks [ 10 J ; 

defines an array by the name marks that can hold a maximum of ten elements. The individual elements 
of an array are accessed and manipulated using the array name followed by their index. The marks 
scored in the first subject is accessed as marks [ 0 ] and the marks scored in the 10 Lh subject as 
marks [ 9 3 . In this case, a sequence of ten integers representing the marks are stored one after another 
in memory. A sequence of characters is called string. It can be used for storing and manipulating text 
such as words, names, and sentences, The arrays can be used to represent a vector, matrix, etc,, as 
shown in Figure 6,1, 







vjmmxm* 




■ 




■ 


■ 




m 


ij 


E= 













Vector 





Three dimensional array 



Figure 6*1 : Single and multidimensional arrays 



6.2 Operations on Arrays 

To see the usefulness of arrays, consider the problem of reading the ages of five persons and comput- 
ing the average age. Five variables need to be defined for storing the age of five persons and they have 
to be read and processed using distinct statements as illustrated in the program agel.cpp. 

// agelxpp; multiple variables to handle data which are logically same 
# include <iostream. h> 
void main ( ) 

t 

int agel, age2, age3 , age4, age5; 
float sum - 0; 
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Enter person 2 age: 4Q 
Enter person 3 ages IS 
Enter person 4 age; 22 
Enter person 5 age; 25 
Average age -29 

Handling arrays involve array definition, array initialization, and accessing dements of an array* In 
main { ) , the statement 
int age[5 ] ; 

defines an array of five elements of integer type with the name age. It reserves 5* si zee £ tint) 
bytes of memory space for storing the five integer numbers* The statement 
cin >> age [ i ] $ 

reads each integer value and stores it in the array element indexed by the variable i . Here, the variable 
i is known as the army index or subscript and hence, arrays are popularly called subscripted vari- 
ables, Note that an array of fcJ elements has indexes in the range Oto N-L The statement 
sum age [i ] i 

accesses the contents of the (i+i) (i| element of the array age and adds it to the variable sum* 



Array Definition 

Like other normal variables, the array variable must be defined before its use, The syntax for defining an 
array is shown in Figure 6*2, 



primitive or 
user-defined 



integer constant ; 
Array variable 1 or e xpression 



DataType Array Name 1 array^size] , . . , ; 



Figure ill Array definition 



In the definition, the array name must be a valid C++ variable, followed by an integer value enclosed 
in square braces. The integer value indicates the maximum number of elements the array can hold* The 
following are some valid array definition statements: 

int marks [1003 ; // integer array of size 100 

float salary[25]s // floating-point array of size 25 

char name E 50! ; // character array of size 50 

int a [10] , b[12] , cE25]j // defines three arrays 

double dl, num[ 10] ? // defines a variable and double array 

The last statement indicates that a normal variable and array can be defined in a single statement, The 
representation of an array defined using the statement 
int age[5] ; 

is shown in Figure 63 by assuming that each element of the array (i*e*, each integer) occupies two 
bytes. 
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age 



— 




— 




XX 


age [ 0 3 age * 


23 


ago 10] 


XX 


age[l] 


40 


age [11 


XX 


age [2 1 


30 


age [ 2 ] 


XX 


age [3] 


27 


age [ 3 I 


XX 


age [43 


25 


■ age [ 4 ] 






^ 





int age 1 5] ; for(i»Oj i<S; + «■) 

cin » age til; 



Figure 6.3: Storage representation for an array 

Accessing Array Elements 

Once an array variable is defined, its elements can be accessed by using an index. The syntax for 
accessing air&y elements is shown in Figure 6.4, 

integer constant, variable* 
or expression 

— 

Ar ray Name [ index] 

Figure 6.4; Accessing an array element 

To access a particular element in the array, specify the array name followed by m integer constant 
or variable (array index) enclosed within square braces. The array index, indicates the element of the 
array, which has to be accessed For instance, the expression 
age 1 4 ] 

accesses the 5 th element of the array age. Note that, in an array of N elements, the first element is 
indexed by zero and the last element of an array is indexed by N-I. The loop used to read the elements 
of the array is: 

fort int i = 0; i < 5i i + * ) 
l 

ecu t « "Enter person “ << i+1 « “ ag e: “ j 
Cin » age[i]; 

} 

The variable i varies from 0 to N-I (i.e., 0 to 4 in the above segment). Statements such as, 
age[i]++r 

can be used to increment the value of the i m item in the array age and hence the following, 

age [ i ] = Hr 
age [3] - 25; 

are valid statements* Note that, the expression age [i] can also be represented as i [age] ; simi- 
larly, the expression age [31 is equivalent to 3 [ age J , 

The program nodup . epp illustrates the manipulation of a vector* It reads a vector and removes all 
duplicate elements in that vector. The vector is adjusted after removing ail the duplicate elements. 
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II nodup.c; Deleting duplicates in a vector 
♦include <iostream,h> 
void main { ) 
t 

int i, j r k f n, num, flag = 0; 
float afSO] ; 

cout « “Enter the size of a vector: *; 
cin » nj 
num - jl; 

cout << * Enter vector elements . . << endl ; 
for ( i = • 0 ; i < nt !++■ 3 
t 

cout « “a [ 1 « i « “ ] = ? * ; 
cin » a[ij i 

) 

i i removing duplicates 
for ( i = 0 j i < n - li i++> 
for (j ■ 1 + It j < n; j++) 

C 

i£( a[i] mm a[j] ) // duplicate found 

{ 

// remove duplicate and adjust vector and its size 
n = n - It 

for {k ■ j; k < n; k++) 
a f k} = a [k+1 ] t 

flag ■ 1; // vector has duplicates 

j = j - 1; 

} 

) 

if( flag ) 

C 

cout « "vector has .■ « num-n « ■ duplicate element (s) , \n"; 
cout « "Vector after removing duplicates ,*An“f 
for { i a 0 ; i < n; i++ } 

cout « “a l" << i « *] = " << a {il « endl i 

> 

else 

cout « "vector has no duplicate elements 1 ? 

} 

Bun 

Enter the sire of a vector: £ 

Enter vector elements , * - 
a [Q1 = ? 1 
a [1 ] - ? £ 
a 1 2 ] - ? £ 
a [3 ] - 7 £ 
a [4 ] - 7 £ 
a [5 ] - 7 1 

vector has 1 duplicate element is) * 

Vector after removing duplicates ♦ . , 
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a 103 • 1 

All) * 5 

a [ 2 ] * 6 
el [ 2 ] = S 
a [4 ] • 9 



Initialization at Definition 



Arrays can he initialized at the point of their definition as follows: 

datatype arra\-name[size\ — { list of values separated by comma (; 

For instance, the statement 

int age [ 5 ] = { 19, 21, 1*, 1, 50 )j 

defines an array of integers of size 5 Jn this case, the first element of the array age is initialized with 19 + 
second with 21, and so bn as shown in Figure 6,5, A semicolon always follows the closing brace. The 
array size may be omitted when the array is initialized during array definition as follows: 
int Aged - { 19', 21, 16, 1, 50* I; 

In such cases, the compiler assumes the array size to be equal to the number of elements enclosed 
within the curly braces. Hence, in the above statement, the size of the array is considered as five 



int age [51 - {19,21,16,1, 50) f 
or 

int age [ ] = {19, 21 , 16, l , 50) * 






no mmy size 



— " ' 




i§ 


ag® [0] 


21 


agefl) 


16 


age [21 


1 


age[3] 


50 


age [41 







Figure €.5: Array initialization at its definition 



Caution! No Array Bound Validation 

C++ does not support bound checking he., it does not check for the validity of the array index value 
while accessing the array elements, If the program tries to store something beyond the size of an array, 
neither the compiler nor the run -time will indicate the error. Such a situation may cause overwriting of 
data or code leading to fatal errors. Therefore, the programmer has to take extra care to use indexes 
within the array limits. For example* consider the following program: 
void main!) 

{ 

int age I 40 ); 
age [ 50 J - Ilf 
age l 50 ]++; 

} 

It defines age to be an array of 40 integers, and then modifies the 5 1 11 element! Hie compiler does not 
consider such an access as illegal and produces the executable code. Execution of such programs can 
behave in an unpredictable manner. Detecting such errors in a program is a difficult and time consuming 
task. Thus, it is the responsibility of the programmer to see that die value of an array index is within the 
a* ray bounds while accessing an array element* 
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pass* the first two items in a list are compared and placed in the correct order, Items two and three are 
then compared and reordered* followed by items three and four, ten four and five, and so on, The son 
continues until a pass with no swap occurs. High- value items near the beginning of a list (as shown in 
Figure 6,6) move to their correct position rapidly and are called turtles, because they move only one 
position with each pass. The program bubble , epp illustrates the implementation of the bubble sort. 



t-0; j - 0 j - 1 j = 2 j = 3 




l« 1; j = 0 j * 1 j = 2 




I = 2; j * 0 j = 1 




Figure 6.8: Trace of Bubble Sort 
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// bubble.cpp: sorting of numbers using bubble sorting 
# include <iostreanuh> 
void main { ) 

{ 

int i, j, n, age|25J, flag, temp ; 

cout « "How many elements to sort <max-25> ? 

cin >> n; 

f or f i = Oi i < tii i++ ) 

{ 

cout << "Enter age[ * << i << * J ; m $ 
c in >> age [ i] ? 

) 

// sorting starts here using bubble sort technique 
for{ i * 0; i < m - 1 ; i++ ) // for i = 0 to n-2 

{ 

flag m 1; 

fort j = 0; j < {n~l-i) ; j++ ) // for j = 0 to (n-i-2) 

{ 

if { age { j ] > agefj+lj ) 

{ 

flag = 0 1 // still not sorted and requires next iteration 

// exchange contents of age[j] and agelj + lj 
temp - age [ j 1 % 
agetjj - age [j+l} ; 
age I j +11 - temp; 

J 

} 

it{ flag ) 

break; // data are now in order; no need of next iteration 

> 

// sorting ends here 
cout << " Sorted list . . * * « endl; 
fort i » 0; i < n; i ++ J 
cout « age£i] <* ■ 

) 

Bm 

How many elements to sort <max-25> ? 2 

Enter age [ 0 3 f 2 

Enter age t 1 1 s 2 

Enter age [ 2 J ; 2 

Enter age [ 3 J i 1 

Enter age I 4 } : 2 

Enter age [ 5 ] s 1 

Enter age| 6 ] : £ 

Sorted list, . * 

1 2 3 4 S 6 9 

Comb Sort 

Comb sort is a generalization of the btfbble son that permits comparison of non -adjacent items. It retains 
he simplicity of a bubble son, but wirh a dramatic increase in speed Consider a sample list of 100 
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dements to be arranged in the ascending order. In this method elements are compared to sort them and 
the space between the elements to be compared is known as the gap. (For instance, the gap in bubble 
sort is one j A gap of SO would compare elements 1 and 81,2 and 82*.,., and 20 and 1 00* and switch pairs 
when appropriate. Such a pass would take 20 comparisons rather than the 99 of an equivalent bubble 
sort. The benefit is that the swap could move the elements as much as 80 notches closer to their final 
destination. It is found that the ideal way to select the next gap is to divide the previous gap by 1,3 
(which is known as the shrinking factor). The shrinking factor 1 ,3 has been experimentally found out to 
he the optimal value. The gap value remains constant once it reaches 1 . A bubble sort is converted into 
comb sort by the Following process: 

♦.Initialize ihe gap with l in ihe inner loop. 

♦ Initialize the gap size and the dimension of the list. 

♦ Recalculate the gap with the do- loop by dividing the previous gap by 1.3* taking the integer part and 
using the result or 1 , whichever is greater. 

♦ Repeat the loop until the gap is 1 and the switch counter is 0, indicating that the sort operation is 
completed. 

The program comb.cpp illustrates the implementation of the comb sort. The only difference be- 
tween bubble son and comb sort is that, in bubble sort, the turtles (data) crawl whereas in comb sort 
they Jump, Successively shrinking the gap is analogous to combing long, tangled hair— -stroking first 
with fingers alone, then with a pick comb that has widely spaced teeth, followed by finer combs with 
progressively closer teeth. Comb son has a similar shrinking effect on the gap (hence, the name comb 
sort). Each stroke presorts the list (i,e„ it kills or winds up some turtles). Therefore, by the time the gap 
declines to unity (a Bubble sort), all the elements are so dose to their final position that applying a 
bubble sort at this stage is efficient. 

/ / OOmb + Cpp: sorting of numbers using comb sorting 
# define SHRINK I NGFACTOR 1.3 
# include <iostrea*iuh> 
void main ( } 

c : 

int i , j , n* age[25] , flag, temp; 

cout << “How many element^ to sort <max'25> 7 ■ f 

cin » n; 

for( i = 0; i < ni i + + ) 

{ 

cout << “Enter age t * << i « * \ i ■ ; 
crin » agetijf 

) 

// sorting starts here using comb sort technique 
int size » n? 

int gap = size; // gap is initialized to size i , e .. length of a list 
do 
{ 

gap - (int) ( £ 1 oat ( gap ) / SHRINK INGFACTOR ) ; 
switch ( gap } 

f 

case 0: 

gap - 1; f / the smallest gap is 1 as in bubble sort 
break; 
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Definition 

A multidimensional array is defined as follows: 
data- type array -name [r/][i2]...[sn],- 

For instance, the statement 

int axis 13] [3] [2]; 

defines a three-dimensional array with the array-name axis. 

The general format for defining a two-dimensional array is 
data-type array-name [ row-size ] [columns ize] ; 

For instance, the statements 



int marks [43 13] ; 
float b[3] [3] t 

define arrays named marks and b respectively. The expression marks [OHO] , accesses .the first 
element of the matrix marks and mark* [3 H 2 ] accesses the last row and last column. The expres- 
sion b [2 ] {11, accesses the 3 rt row and 2“ l> column element of the b matrix. The representation of a 
Iwo-dlmetisiciiiaJ array in memory shown in Figure 6 7 * 



marks [01 




int marks [d] [3] ; 

marks [3] 




Figure 6.7: Two dimensional array to store marks 
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Accessing two Dimensional Array Elements 

The dements of a two dimensional array can be accessed by the following statement 
marks [ i ] [ j ] 

where i refers to the row number and j refers lo the column number. The subscripts must be integer 
constants or variables or they can be expressions generating integer results. The programme trix , epp 
illustrates the use of two dimensional arrays in matrix addition and subtraction. 

// matrix, Cpp: addition and subtraction of matrices 
# include <iostream,h> 
void main O 
{ 

int a [53 [5] , b[5] [ 5 J , c[ 5] [5 ] ; 
int i ( j ( m, n, p, q? 

cout « "Enter row and column size of A matrix: ’ ; 
cin >> m >> n; 

cout « "Enter row and column size of B matrix: 1 ; 
cin » p » q; 

if ( Im — p) && fn == q) ) // check if matrices can be added 

C 

cout << "Matrices can be added or subtracted* , * \n" ; 

// Read matrix A 

cout << "Enter matrix A elements* . j 
f or { i = 0j i < nu ++i } 
for ( j * 0 ; j < n? ++j ) 
cin » a Eil I j 1 ; 

// Read matrix B 

cout « "Enter matrix B elements \n* r 
fort i = 0; i < p; i++ ) 
for ( j = 0; j < q; j++ ) 
cin » btij [ j 1 i 

// Addition of two matrices; C <- A + B 
for ( i = 0; i < m; i++ } 
for ( j 3 0: j'< n; j>+ ) 

Cti) [j] = a [i| I j 1 + b[i] (j]; 

// printing summation 

cout << "Sum of A and B matrices \n" ? 
for [i = 0; i < m? ++i) 

{ 

for ( j - 0; j '< n; ++j) 
cout « c[i] [jl « * 
cout « endl; 

} 

// Subtraction of two matrices; C <- A - B 
fort i = 0; i < m; i++ ) 
fort j = 0; j < nj > 

cliHjJ * a[i] £j] - blij (j); 

// printing matrix subtraction result 
cout << "Difference of A and B matrices * . . \n" ; 
for {i = 0 ; i < mr ++i) 
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£ 

£or(j = 0 ; 3 < n; ++ j J 
£ 

cout, width ( 2 ); 

cout << ciilljl << * * t 

) 

cout « end ! 1 

} 

} 

! 

Run 

Enter row and column size of A matrix - 2 1 
Enter row and column size of B matrix: 2 2 
Matrices can be added or subtracted. . . 

Enter matrix A elements * * * 

12 2 
4 2 1 
2 12 

Enter matrix B elements. . . 

2 2 1 
2 2 2 
12 1 

Sum of A and B matrices. , . 

4 4 4 

7 6 3 

4 3 3 

Difference of A and B matrices,, 

-2 0 2 

1 0 “1 

2-11 

Initialization at Definition 

A two-dimensional array can be initialized during its definition as follows: 
data- type matrix-twme{ rows ite ] [ col-size ] = { 

( elements of first row } a 
( elements of second row | r 

( elements of n-1 row } 

}; 

For instance, the statement 
int al3] [31 = 
t 

£ 1 , 2 , 3 >, 

£ 4, 3 , 1 }, 

( 3 , 1 , 2 ) 

)? 

defiles two dimensional array of order 3x3 and initializes all its elements. The first subscript (size of the 
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row) can be omitted. Hence, the above definition can be replaced by 
int a[j [33 = 

( 

C 1, 2, 3 

( 4 r 3 f 1 L 

{ 3, l f 2 } 

); 

The inner braces can be omitted, perm ini ng the numbers to be written in one continuous sequence as 
follows: 

int a| ] [33 - C 1, 2 , 3, 4, 3, 1 , 3, 1 # 2 }t 
it has the same effect as the earlier definitions, but it suffers from readability. 



6.5 Strings 



Strings are used in programming languages for storing and manipulating text, such as words* names, 
and sentences. It is represented as an array of characters and the end of the string is marked by the 
NULL ( ■ \0 1 ) character. String constants are enclosed in double quotes. For instance, 

“Hello World" 

is a string. A string is stored in memory by using the ASCII codes of the characters that form the string. 
The representation of the string Hello World in memory is shown in Figure 6.8. 



character string 
terminated by a 
null character "'.O' 




Figure 6.8: Siring representation in memory 



Definition 

An array of characters representing a string is defined as follows: 
char array- name (size) ; 

As usual, the size of the array must be an integer value. For instance* the statement 
char name { 50 ] j 

i cfmes an array and reserves 50 bytes of memory for storing a set of characters. The length of this 
dnng cannot exceed 49 since, one storage location must be reserved for storing the end of the sinn g 
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marker. The program name . cpp defines an array and uses it to store characters. 

// namexpp; read and display string 
•include <iostream,h> 
void main { I 
{ 

char name [ 501 r // string definition 
cout « * Enter your name <49-max>i ■; 
cin >> name; 

cout << "Your name is ■ << name ; 

> 

Run 

Enter your name <49-max> ; Arch^r^ 

Your name is Archana 

In main () t the statement 
cin >> name ; 

reads characters and stores them into the variable name, The statement 
cout « "Your name is " << name; 
outputs the contents of the string variable name. 

Initialization at the Point of Definition 

The string variable can be initialized at the point of its definition as Follows: 
char array -namelsize] — { list of values separated by comma }; 

For instance, the statement 

char month [ ) * { 1 A ! * 1 p ' t 1 r , a i ' , 1 1 * r 0 } ; 
defines the string variable and assigns the character A 1 to month [0], 1 p 1 to month[ I ] p „ t 0 to month[5]. 
The end of the string in the above statement can also be represented as follows: 

char month £ ] m ( p A’ # ' p ' , p r ' i ' , * 1 1 , *\0 P }; 

C++ offers another style for initializing an array of characters. For instance, the statement 
char month |] = " Apr 1 1 " j 

has the same effect as the above statements. In this case, the characters of the string are enclosed in a 
pair of double quotes. The compiler takes care of storing the ASCII codes of the characters of the string 
in memory, and also stores the NULL terminator at the end. 

Special characters can also be embedded within a string as illustrated in the program succ . cpp. 
When manipulated using C++ VO operators, they are interpreted as special characters and action is 
taken according to their predefined meaning. 

// SUCC. cpp: string with special characters 
•include <io&treartuh> 
void main { ) 

{ 

char msg [ ] m *c to C++\nC++ to Java\nJava to *« + "; 
cout « "Please note the following message: " << endl ; 
cout msg ; 

} 
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Enter person 1 name: An and 
Enter person2 name: Yiswanath 
Enter person^ name: Archana 
Enter person4 name: Yadunandan 
Enter persons name: Mall ikariuii 



p# 


Person Name 


Length 


In lower case 


In UPPZ1R case 


1 


Anand 


S 


anand 


AN AND 


2 


Yiswanath 


9 


viswanath 


VISWANATH 


3 


Archana 


7 


archana 


ARCHANA 


4 


Yadunandan 


10 


yadunandan 


YADUNANDAN 


5 


Mallikar jun 


11 


mall ikar jun 


MALLXKAKJUN 



An array of string can he initialized at the point of its definition as follows: 

char array-name[row_size}[column_siz€] - { “row! string", “row! -string ”, }; 

It can also be defined as 

char array- nam e [ row_size] [cotumn_size] « 

{ ( row I string characters), { row2 string characters ) > „ }; 

For instance, the statement 

char person [ I [12] = { H Anand’* r "Yiswanath , "Archana" , "Yadunandan" f * Hal 1 ikar j un ■ } ; 
defines an array of strings and initializes them at the point of definition (see Figure 6.9 for the memory 
representation). The above statement is equivalent to 

char person [S3 [12) = { # Anand“ , “Yiswanath * , "Archana" , “Yadunandan" , "Mallikar jun " } ; 

The second dimension must be specified explicitly in the array definition, otherwise 1 the compiler 
generates an error message. However, the first dimension can be skipped; the compiler computes this 
value based on the number of values specified in the initialization list. This rule applies only when the 
initialization appears at the point of definition. 





0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


0 


A 


n 


a 


n 


d 


VO 














1 


V 


i 


s 


w 


a 


n 


a 


t 


h 


\0 






2 


A 


r 


c 


h 


a 


n 


a 


\G 










3 


Y 


a 


d 


u 


n 


a 


n 


d 


a 


n 


\o 




4 


M 


a 


1 


1 


i 


k 


a 


r 


j 


u 


n 


\0 



person £0} 
person [1] 
person [2] 
person [3] 
person! 4] 



Figure 6 ,9: Array of strings representation in memory 

6.8 evaluation Order / Undefined Behaviors 

The order of evaluation of sub-expressions within an expression is undefined. Consider the following 
segment of code: 
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int 1 = o * 
vti] - i++j 

The second statement can be evaluated either as: 
v [ 0 ) =* 0| 

Or 

v[l) - Q; 

The compiler can generate better code in the absence of restrictions on the expression evaluation order. 
It can take advantage of underlying hardware architecture and generate the most optimal code. The 
compiler can warn about such ambiguities. Unfortunately, most compilers do not report a warning about 
such ambiguities. 

The operators 

is. I I 

guarantees that their left-hand side operand is evaluated first before their right-hand side operand. For 
instance, in the statement, 

x = (y = 5 j y+ 1 } i 

ihe expression (y = 5 , y+1), the comma operator first assigns 5 to y and then evaluates the right- 
hand side operand and the resulting value 6 is assigned to the x variable. Note that the sequencing 
operator comma ( , ) is logically different from the comma used to separate arguments in a function calf 
Consider the following statements: 

fit all], i + + 1? // two arguments 

f 2 ( {a [ i ] , i + + ) ) ; // one argument 

The call of £1 U has two arguments, a [ i ] and i+ + , and the order of evaluation of the argument is 
undefined. However, most compilers follow evaluation of arguments at a function call from right to left. 
The function 

fit int a, int b I 
{ 

cout << a « " ■ << b? 

} 

when invoked as 

fit a[i J , i++ ) ; 

where a [ J ■ { l r 2, 3, 4 , 5 > and i - 0. The output will be 2 and 0. The parameters 

evaluated are passed in the following order: 

1 . The contents of the variable i whose value is 0 is assigned to to, and then the expression i++ will be 
evaluated, thereby i becomes a, 

2. The value of a [ i 3 (now i holds the value 1) is 2 and is assigned to the variable a. 

Review Questions 

6.1 What are arrays ? Explain how they simplify programming with suitable examples. 

6*2 Explain how comb sort algorithm is superior over bubble sort What is their time comp lexi ty. Hi nt : 
time complexity is measured in terms of number of elements compared, since comparison opera- 
tion is the active operation in any sorting algorithm. 

6.3 What are the side-effects of the following statements: 
int a [100 J ? 
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7.1 Introduction 

It is difficult to implement a large program even if its algorithm is available. To implement such a program 
with ease, it should he split into a number of independent tasks, which can be easily designed, imple- 
mented, and managed. This process of splitting a large program into small manageable tasks and 
designing them independently is popularly cal led modular programming or divide-and-conquer tech- 
nique. Large programs are more prone to errors and it is difficult to locale and isolate errors that creep 
into them A repeated group of instructions in a program can be organized as a function. It can be 
invoked instead of having the same pattern of code wherever it is required as shown in Figure 7.1. 




code duplication 
if function not used 




code 
written 
only once 
if function is 
used 



Figure 7,1: Functions for eliminating redundancy of code 
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A function is a set of program statements that can be processed independently. A function can be 
invoked which behaves as though its code is inserted at the point of the function call. The communica- 
tion between a caller (cal ling function) and callee {called function) takes place through parameters. 
The functions can be designed, developed, and implemented independently by different programmers. 
The independent functions can be grouped to form a software library. Functions are independent 
because variable names and labels defined within its body are local to it. The use of functions offer 
flexibility in the design, development, and implementation of the program to solve complex problems, 
The advantages of functions include the following: 

* Modular programming 

* Reduction in the amount of work and development time 

* Program and function debugging is easier 

4 Division of work is simplified due to the use of divide-and-conquer principle 

* Reduction in size of the program due to code reusability 

4 Functions can be accessed repeatedly without redevelopment, which in turn promotes reuse of code 
4 Library of Junctions can be implemented by combining well designed, tested, and proven functions 

The program taxi „ cpp computes the tax amount of two persons based on their annual salary 
without the use of functions, 

// taxi .cpp: tax calculation without using function 

* include <iostream. h> 
void main ( ) 

f 

char Name 125]; 
double Salary, Tax; 

cout « "Enter name of the 1st person: ■; 

cin » Name; 

cout « * Inter Salary: 

cin » Salary; 

if ( Salary 90000 ) 

Tax = Salary * 12.5 / 100 j 
else 

Tax = Salary * 18.0 / 100; 

cout « "The tax amount for * << Name << * is: p << Tax << endl; 
cout << “Enter name of the 2nd person: cin >> Name; 

cout « "Enter Salary; “ ; cin » Salary; 
iff Salary <- 90000 ) 

Tax * Salary * 12.5 / 100; 
else 

Tax = Salary * 10.0 / 100; 

cout << "The tax amount for ■ << Name << " is; " << Tax << endl; 

} 

Run 

Enter name of the 1st person; Ralktumr 
Enter Salary: 130000 
The tax amount for Rajkumar is: 23400 
Enter name of the 2nd person: Satvithri 
Enter Salary; 9QQ0Q 

The tax amount for Savithri is: 11250 
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Multiple copies of the same pattern of code can be eliminated by grouping repeated statements 
together to generate a function CalculateTax { I , as illustrated in the program tax2 . cpp. 

// tax2,cpp: tax calculation using function 
# include < lost ream. h> 
void CalculateTax f } 

( 

char Name [251 ; 
double Salary * Tax? 

cout << * Enter name of the person: ■ ; 
cin >> Name; 

^out « ’"Enter Salary: ■; 

cin » Salary; 

if( Salary <= 90Q00 } 

Tax = Salary * 12.5 / 100; 
else 

Tax = Salary * 18.0 / 100; 

cout << "The tax amount for ■ << Name << * is; * << Tax << endl; 

} 

void main ( ) 

{ 

CalculateTax ( } ; 

CalculateTax ( ) ; 

) 

Run 

Enter name of the person: Raikumar 
Enter Salary: 13QQ0Q 

The tax amount for Raj kumar is: 23400 
Enter name of the person: Savit.hr i 
Enter Salary: 90000 

The tax amount for Savithri is: 11250 

In main [ ) , the statement 
CalculateTax { J ; 

is invoked twice to calculate tax for two persons. It computes the tax amount and displays it The same 
function can be invoked to calculate tax amounts for a large number of people using a loop construct, 

7.2 Function Components 

Every function has the following elements associated with it: 

* Function declaration or prototype, 

+ Function parameters (formal parameters) 

* Combination of function declaration and its definition, 

* Function definition (function declarator and a function body). 

* return statement 

* Function call, 

A function can be executed using a Junction call in the program, The various components associated 
with functions are shown in Figure 7.2. 
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void funcfint a , int ta) i ■— prototype 



void funcfint 

C 




formal parameters 



declarator 



} 




body 



func (x f y) ; ~ Cftll 



actual parameters 

Figure 7,2: Components of a function 




The program maxi . epp illustrates the various components of a function. It computes the maxi- 
mum of two integer numbers. 

// maxl cpp: maximum of two integer numbers 
# include <ios Cream t h> 

int maxf int x, int y )s // prototype 

void main f } // function caller 

I 

int a, b, c; 

cout « ‘Enter two integers <a, b>i * ; 
cin >> a >> b; 

c = ma xi a, b ) ; // function call 

cout « "tnax{ a, b) : " « c « endl; 

I 

int maxi int x, int y ) // function definition 

t 

// all the statements enclosed in braces forms body of the function 
iff x > y } 

return x; if function return 

else 

return y; // function return 

) 

Bim 

Enter two integers <a , b>: 2J1 10 
max C a f b 20 

As discussed earlier, main ( ) is a function, so it is not surprising that max ( ) which is also a 
function, appears similar to main ( ) . The only special feature about main ( ) is that it is always 
executed first. It does not matter whethermain { ) is the first function in the program listing oris placed 
elsewhere in the program; it will always be the first one to execute. 
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There are five elements involved in using a function: the function prototype, the function definition, 
the function call, the function parameters, and the function return. 

Function Prototype 

The first function related statement in maxi , epp is the function prototype. This is the line before the 
beginning of main ( ) r 

int max £ int x, int y } i // prototype 

It provides the following information to the compiler: 

+ The name of the function, 

+ The type of the value returned (optional; default is an integer), 

* The number and the types of the arguments that must be supplied in a call to the function. 
Function prototyping is one of the key improvements added to the C++ functions. When a function call 
is encountered, the compiler checks the function call with its prototype so that correct argument types 
are used. The compiler informs the user about any violations in the actual parameters that are to be 
passed to a function. 

A function prototype is a declaration statement which has the following syntax: 

ret_val function_name ( argument 1 , argument 2 1 , ,, t argumentn ) ; 

The ret_val specifies the datatype of the value in the return statement. The function can return any 
datatype; if there is no return value, a keyword void is placed before the function name. In a function 
without any return value, a dummy return statement can be included before the closing brace, A 
program can have more than one return statements. (Note: return is a keyword. The statement 
return 0; is sufficient in place of the return ( 0) ; ). The number of arguments to a function can be 
fixed or variable. The function declaration terminates with a semicolon. 

Consider the prototype statement 

int max C int x, int y }| // prototype 

It informs the compiler that the function max has two arguments of type integer (the list of data types 
separated by commas form the argument list}. The function max { } returns an integer value; the com- 
piler knows how many bytes to retrieve and how to interpret the value returned by the function. 
Function declarations are also called prototype, since they provide a model or blue print for the func- 
tion. C++ makes prototyping mandatory if functions are defined after the function main, C++ assumes 
void type in case no arguments are specified in the argument list; the default return type is an integer. 

Function Definition 

The function itself is referred to as function definition. The first line of the function definition is known 
as function declarator and is followed by the function body. Figure 7.3 shows that the declarator and 
the function body make up the function definition. The declarator and declaration must use the same 
function name, the number of arguments, the arguments type and the return type. No other function 
definitions are allowed within a function definition. 

The body of the function is enclosed in braces. C++ allows the definition to be placed anywhere in 
the program. If the function is defined before its invocation, then its prototypes declaration is optional 
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Function name 
defines function 

int max tint x, int 
{ 

if (x > y) 
return xj 
else 

return y; 



j“ — "► JC no semicolon 
y) function declarator 




function body 



Figure 7,3: Function definition 

Function Call 

A function is a dormant entity t which gets life only when a call to the function is made, A function call 
is specified by the function name followed by the arguments enclosed in parentheses and terminated by 
a semicolon. The return type is not mentioned in the function call. For instance, in the function main ( ) 
of the program maxi . cpp, the statement 

c = max C a, b ) ; // function call 

invokes the function max0 with two integer parameters. Executing the call statement causes the 
control to be transferred to the first statement in the function body and after execution of the function 
body the control is returned to the statement following the function call. The max ( } returns the 
maximum of the parameters a and b. The return value is assigned to the focal variable c in main O . 



Function Parameters 

The parameters specified in the function call are known as actual parameters and those specified in the 
function declarator are known as formal parameters. For instance, in main ( ) , the statement 
c * max t a# b } ,* // function call 

passes the parameters (actual parameters) a and b to max ( ) * The parameters x and y are forma! 
parameters. When a function .call is made, a one-to-one correspondence is established between the 
actual and the formal parameters. In this case, the value of the variable a is assigned to the variable x 
and that of b is assigned to y. The scope of formal parameters is limited to its function only. 

Function Return 

Functions can be grouped into two categories: functions that do not have a return value (void 
functions) and functions that have a return value. The statements 

return x; // function return 

and 

return y; if function return 

in function max ( ) are called function return statements. The caller must be able to receive the value 
returned by the function (but not mandatory). In the statement 

c = max( a* b ); // function call 

the value returned by the function max() is assigned to the local variable c in main O • Figure 7,4 
shows the function max { ) returning a value to the caller. 
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caller cal Ice 




Figure 7,4: Function returning a value 



The return statement in a function need not be at the end of the function. It can occur anywhere in 
the function body and as soon as it is encountered, execution control will be relumed to the caller. 

A function that does not return anything is Indicated by the keyword void. It has the following 
form: 



void FunctionName ( , Parameter List 1 

C 

statement (s ) ; 

return; / / return is optional 

} 

In void functions, the use of return statement is optional. 

Elimination of the Function Prototype 

The function declaration can be eliminated by defining the function before calling it. The program 
max2 , epp illustrates this concept. 

// max2xpp; maximum of two integer numbers 
# include <iostream + h> 

int maxi int x, int y ) // function definition 

{ 

// all the statements enclosed in braces forms body of the function 
if { x > y ) 

return x; //• function return 

else 

return y ; // function return 

void mainO // function caller 

{ 

int a, b, c; 

cout << "Enter two integers <Sj b>z 
cin >> a >> b; 

c = maxi a. b ); // function call 
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cout << "roaxf a, b) r ■ « c << endl? 

Bun 

Enter two integers <a, b> t Z£L 1 0 
max ( a r to } t 20 

The definition ofmax f ) occurs before it is invoked in main ( ) , eliminating the need for a function 
prototype. In the case of a program having a large number of functions* the programmer has to arrange 
the functions* such that they are defined before they are called by any other function, 

7.3 Passing Data to Functions 

The entity used to convey the message to a function is the function argument. It can be a numeric 
constant, a variable, multiple variables, user defined data type, etc. 

Passing Constants as Arguments 

Hie program char 1 1 * epp illustrates the passing of a numeric constant as an argument to a function. 
This constant argument is assigned to the formal parameter which is processed in the function body, 

// Chart 1. epp; Percentage chart by passing numeric value 
# include <£ostreajn.h> 

void FereentageChart { int percentage ) ; 
void mainO 
{ 

cout << H Sridevi : p # - 

PercentageChart ( 50 } ? 
cout << "Rajkumar: ■; 

FereentageChart ( 84 > ; 
cout « "Savithri: m ; 

FereentageChart ( 79 ) ; 
cout «. "Anand t "? 

FereentageChart ( 74 ) ; 

} 

void FereentageChart { int percentage 1 
{ 

fort int 1*0? i < percentage/ 2 ? i++ ) 

cout << ' NxCD 1 ? // double line character (see ASCII table) 

cout << endl * 

) 

Bm 

Sridevi t f lift »?ssiass::az£ s 

Ra jkumar : ========i====i=si^ssissss E =iiis===ss==s=ts 

S av i th r 1 1 *•**== ® *«**■ mm «■*»»■«■■ a a mmmmumm = www 

Anand ; «■««*«■■■**■■■»**■»■■■■■■»«■■■•** 

In main { ) t the statement 

FereentageChart ( 84 ) ? 

invokes the function FereentageChart with the integer constant 84 to draw a chart. It draws a 
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horizontal line, made up of the double-line graphic character t 1 \xCD 1 ) on the screen. 

In the function definition* the variable name percentage is placed between the parentheses 
following the function name PercentageChart* The invocation of this function by the statement 
PercentageChart ( 84 ) / 

ensures that the numeric constant 84 is assigned to the variable percentage as shown in Figure 7.5. 




Figure 7Si Passing value to a function 
Passing Variables aa Arguments 

Similar to constants, variables can also be passed as arguments to a function* The program charts . cpp 
illustrates the mechanism of passing a variable as an argument to a function. 

/ / chart 2.cpp: Percentage chart by passing variables 
# include <ios cream . h> 

void PercentageChart ( int percentage 1 i 
void wiainO 
{ 

int ml , m2, m3 , m4; 

cout << "Enter percentage score of Sri* Raj* Savi* An: m t 

cin » ml >> m2 » m3 >> m4 ; 

cout « "Sridevi : p j 

PercentageChart (ml ) ; 

cout « "Rajkumars 41 ? 

PercentageChart ( m2 l r 
cout « "Savithri: *t 

PercentageChart i i3 )i 
cout « *Anand : ■ t 

PercentageChart ( m4 I ; 

I 

void PercentageChart ( int percentage ) 

{ 

for ( int i =0; i < percentage/2; i++ ) 

cout « 9 \xCD ’ ; // double line character (see ASCII table! 

cout « endl ; 
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Run 

Enter percentage score of Sri # Raj, Savi , An: 55 92 S3 67 
Sridevi : = 

Ra j kumar : « = «« «■= ===•*■“ *********** as^ssas **®**™^ 

Savithr i ; *»====»■«*■«===== =======«*■=■■■■==«* 

Anand : 6SB*£ss=aa3S=sas=========as====^a 

In main (), the statement 

PercentageChart (m2 } ; 

invokes the function PercentageChart. II draws a horizontal line, made up of the double-line 
graphic character I ' xCD* } on Ihe screen. It ensures that the contents of the variable m2 is assigned 
to the variable percentage as shown in Figure 7.6. Note that the names oHhe parameters in the 
calling and called functions can he the same or different, since the compiler treats them as different 
variables. 




Figure 7.6: Variable used as argument 
Passing Multiple Arguments 

C++ imposes no limitation on the number of arguments that can be passed to a function. The program 
charts . cpp passes two arguments to the function Pe rcen t ageC hart ( ) > whose purpose is to 
draw various style charts on the screen. 

// chart3.cpp: Percentage chart by passing multiple variables 
# include <iostream a h> 

void PercentageChart ( int percentage, char style ); 
void main ( 3 
( 

int ml , m2 , m3 r m4 ; 

cout « "Enter percentage score of Sri, Raj* Savi, An; 9 ; 
cin >> ml >> m2 >> m3 >> m4 ; 
cout « - Sridevi : w ; 

PercentageChart ( ml r 1 * ' J t 
cout << M Raj kumar : * t 
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PercentageChart ( m2, ' \xCD ' ); 

cout << *Savithris 1 ,* 

PercentageChart ( m3 r ' -■)# 
cout << 11 Anand : “ t 

FercentageChart { m4 r * 1 p ) ; 

} 

void PercentageChart ( int percentage, char style ) 

for { int i = 0; i < percentage/2 ; A + + J 
cout << style; 
cout « endl; 

} 

Run 

Enter percentage score of Sri, Raj , Savi, An: 55 95 33 67 
Sridevi : *************************** 

Raj kumar : ================== = = ========================== 

Savithri : — — * — — 

Anand ; I i i j i J i j i I i r j i j | i i i i j [ \ j { j i i j j j j \ 

The process of passing two parameters is similar to passing a single parameter. The value of the first 
actual parameter in the caller (calling function) is assigned to the first formal parameter in the callee 
(called function), and the value of the second actual parameter is assigned to the second formal param- 
eter, as shown in Figure 7.7, Of course, more than two parameters can be passed in the same way. 




Figure 7 J: Multiple arguments passed to a function 

7.4 Function Return Data Type 

The return value can be a constant, a variable, a user- defined data structure, a general expression 
(reducible expressions), a pointer to a function or a function call (in which case the call must return a 
value), C++ does not place any restriction on the type of return value, except that it cannot be an array 
(a pointer to an array can be returned. A function can return an array that is a part of a structure). 
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7.5 Library Functions 

Library functions arc shipped along with the compilers. They are predefined and pre-compiled into 
library files, and their prototypes can be found in the files with . h (called header files) as their extension 
in the include directory. The definitions are available in the form of object codes in the files with 
■ lib (called library files) as their extension in the lib directory. In order to make use of a library 
function, include the corresponding header file. Once the header File is included, any function available 
in that library can be invoked. The linker will add such functions to a calling program by extracting them 
from an appropriate function library. Some of the library calls are sqrt ( J , pow ( ] (declared in the 
header file math. h),str lent } t s treat [ ) , strepy (} , andstmepy ( ) (declared in string, h). 
In case of user defined functions, the prototype and definitions of the functions must be a part of a 
program module. The program name lan . epp illustrates the use of library functions. 

/ / namelen.cpp: use of string library functions 
# include <iostream.h> 

# include <string*h> // 

void main!) 

{ 

char namef 20 1; 
cout « ” Enter your name: “j 
cin » name; 

int ien - strlen ( name } ; // 
cout << "Length of your name 

) 

Run 

Enter your name : Raikumar 
Length of your name - 8 

Note that* the statement 

# include <stri«g,h> 
informs the compiler to include the prototypes of the string related functions* The statement 
int len = strlenf name ) ; 

invokes the library function strlen and assigns the length of the string stored in the variable name 
to the variable Ien h 

The calls may be mathematical, such as sin ( ) , cos ( ) , logic ( ) or may even include functions 
to round a value or truncate a resultant value. The program maths* epp accesses mathematical func- 
tions* 

/ / maths.cpp : Use of library function calls to round and truncate a result 
# include <iostream.h> 

# include <math.h> 
void main (void) 

{ 

float num. numl, num2 ; 

cout << "Enter any fractional number: ■ ; 
cin » num; 

numl = ceil ( num ) : if rounds up 



string function header file 



strlen returns the length of name 
■ * « len; 
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II tfaet.epp: factorial computation Returns a long integer value 
♦include <iostream.h> 
long fact ( int n ) 

{ 

long result; 

Iff n ^ 0 } 

result = 1; // factorial of zero is one 

else 

I 

result = 1 ; 

for { int i * 2f i <■ n; i++ ) 
result = result * ii 

) 

return res j I t ; 

} 

void main ( void ) 

{ 

int n ; 

cout « 'Enter the number whose factorial is to be found : * ; 
cin » ttj 

cout « "The factorial of 4 « n << ■ is * << fact(n) « endl; 

} 

Bun 

Enter the number whose factorial is to be found: £ 

The factorial of 5 is 120 

The definition before main() indicates that the function fact takes an integer argument and 
returns a long datatype. It ensures that the correct value is returned by defining the appropriate data 
type (i.e, a long variable) and placing it in the return statement. Suppose that the variable result was 
defined as an integer, the compiler performs the necessary type Conversion (i.e., to type long) and 
returns a value of type long, irrespective of the data variable to which the return value is assigned. 

A function with a return value can be placed as an individual statement (i.e., the return value need 
not be assigned to any variable(s)). An example is given below. 

int SumTwo ( int nl, int n2 ) i f nl and n2 are the parameters 
( 

return nl + n2; 

) 

When a function has nothing specific to return or take, it is indicated by void. Typically* such func- 
tions are called void functions. The following is die prototype of a void function: 
void func{ void J ; 

However, the keyword void is optional. C++ maintains strict type checking and an empty argument list 
is interpreted as the absence of any parameters* 

Limitation of return 

A key limitation of the return statement is that it can be used to return only one item from a function* 
An alternative method to overcome this limitation is to use parameters as a media of communication 
between calling and called functions. 
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num2 = floor? num )j / / rounds down 

cout «. g oeilf * << num <<*)=**<< numl << endli 

cout « "floor? a << num << * ) = M num 2 << endl ; 

} 

Btml 

Enter any fractional number: 2 , 9 
ceil i 2,9 } =3 
floor? 2,9 ) * 2 

BuaS 

Enter any fractional number: 2 . 1 
ceil ( 2,1 I = 3 
floor I 2 . 1 ) =2 

Library functions improve the program design, reduce debugging and testing time, thereby reduc- 
ing the amount of work needed for the development of the program. These functions are certainly better 
programmed, tested, and well proved. Hence, the use of library functions increases the program 
reliability and reduces the complexity. 

7.6 Parameter Passing 

Parameter passing is a mechanism for communication of data and information between the calling 
function (caller) and the called function (cal lee). It can be achieved either by passing the value oi 
address of the variable. C++ supports the following three types of parameter passing schemes: 

# Pass by Value 

# Pass by Address 

# Pass by Reference (only in C++) 

The parameters used to transfer data to a function are known as input-parameters and those used to 
transfer the result to the caller are known as output-parameters. The parameters used to transfer data in 
both the directions are called input-output parameters . 

Parameters can be classified as formal parameters and actual parameters. The formal parameters are 
those specified in the function declaration and function definition. The actual parameters are those 
specified in the function call. The following conditions must be satisfied for a function call: 

* the number of arguments in the function call and the function declarator must be the same. 

* the data type of each of the arguments in the function call should be the same as the corresponding 
parameter in the function declarator statement. However, the names of the arguments in the function 
call and the parameters in the function definition can be different. 

Pass by Value 

The default mechanism of parameter passing is called pass by value. Pass-by- value mechanism does 
not change the contents of the argument variable in the calling function (caller), even if they are 
changed in the called function (cal lee); because the content of the actual parameter in a caller is copied 
to the formal parameter in the cal lee. The formal parameter is stored in the local data area of the cal lee. 
Changes to the parameter within the function will effect only the copy (formal parameters), and will have 
no effect on the actual argument. It is illustrated in the program swapl . cpp. Most of the functions 
discussed earlier fall under the category pass-by-value parameter passing. 
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Niceties of Parameter Passing 

Pass by address/re fere nee is also used when the size of the user defined data-struciure is large, since a 
large number of arguments cannot be accommodated in the limited stack space. Consider the following 
declaration: 

struct LargeStruct 
{ 

char Name [30 ] ; 
unsigned int Age, Sex,* 
char Address 1501; 

enum MartialStatus C Married, Unmarried ) Ms; 

}? 

If a variable of the above structure type is passed by value, 85 bytes of data movement between the 
caller space and a function stack space is required. If it is passed by address, it just requires 4 bytes 
movement and thus reduces the function context switching overhead. 



7.7 Return by Reference 

A function that returns a reference variable is actually an alias for the referred variable. This method of 
returning references is used in operator overloading to form a cascade of member function calls specie 
fied in a single statement For example, 
cout « i <c j « endl; 

ii a set of cascaded calls that returns a reference to the object cout. The program ref . epp illustrates 
the function return value by reference, 

/ / ref.cpp: return variable by reference 
# include <iostreareuh> 

int & max* int k x» int Ay); // prototype 

void main ( ) 

{ 

int a, b # c; 

cout « 'Enter two integers <a, b> : • j 
cin » a >> b; 
max ( a, b ) * 425; 

cout<< “The value of a and b on execution of max ( a x b) * 425; . , .. " << endl; 
cout « "a = * « a « ■ b = " « b; 

} 

int & max ( int & x, int St y ) // function definition 

{ 

// all the statements enclosed in braces form body of the function 
if ( x > y ) 

return x; // function return 

else 

return y; // function return 

) 

Runt 

Enter two integers <a* b>: 1 2 
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on programming- Functions may be defined with more than one default argument 



Default arguments must be known to the compiler prior to the invocation of a function. It reduces 
the burden of passing arguments explicitly at the point of the function call The program defargl * cpp 
illustrates the concept of default arguments. 



// defargl.cpp: Default arguments to functions 
# include <iostream,h> 

void PrintLine { char = int = 70 }; 

void main { ) 



{ 

Print Line i ) ? 
PrintLine ( M ' ) ; 

Pr int Line ( '** * 40 >j 
PrintLine* 1 R ' # 55 )? 

) 

void PrintLinet char eh, 
{ 



// uses both default arguments 
// assumes 2nd argument as default 
// ignores default arguments 
// ignores default arguments 

int Repeat Count ) 



int it 

cout « endl ; 

fort 1 " 0 ; i < Repea tCount; i++ ) 
cout « chr 



} 



Em 





RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRimRRRRRRRRimR 

In main ( ) , when the compiler encounters the statement 
PrintLine () 

it is replaced by the statement 

PrintLinet 1 - 1 , 70 J r 

internally by substituting the missing arguments. Similarly, the statement 
PrintLine ( ' I ' ) ; 
is replaced by 

PrintLinet ' ! 1 *70 1 j 

Note that in the first statement both the arguments are default arguments and in the second case only 
the missing argument (second argument) is replaced by its default value. 

The feature of default arguments can be utilized in enhancing the functionality of the program 
without the need for modifying the old code referencing to functions* For instance, the function in the 
above program 

void PrintLinet char = int = 70 ) $ 

prints a line with default character V in case it is not passed explicitly* This function can be enhanced 
to print multiple lines using the new prototype: 

void PrintLinet char » ' int * 70, int = 1 ); 

In this new function, the last parameter specifies the number of lines to be printed and by default, it is 
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void swap_int { int & x, int L y ) 

{ 



int t ; 
t * x 



// temporary used in swapping 



x = y 

y = t 



} 

void swap_f loat ( float & x # float & y ) 
{ 



float t; // temporary used in swapping 
t * x; 
x « y; 
y = t; 

} 

void main { J 

{ 

char chi , ch2 ; 

cout « 'Enter two Characters <chl, ch2>* # ; 
cin » chi » ch2 ; 
swap_char ( chi, ch2 }; 

cout << *on swapping <chl, ch2> ; * << chi <<**<< ch2 << endl \ 
int a, b; 

cout « B Enter two integers <a, b> : M ; 
cin » a >> b? 
swap_int ( a, b ) ; 

cout << *0n swapping <&, b>: ' « a « ■ w « b « endli 
float c, d? 

cout « * Enter two floats <c, d> : * ? 
cin >> c >> d; 
swap_flqatf c, d ); 

cout « "On swapping <c, d> : ■ << c << " ■ << dj 

} 



Run 

Enter two Characters <chl, Ch2>: R K 
On swapping <chl r ch2> : K R 
Enter two integers <a , b> r 5 10 
On swapping ca, b> : 10 5 
Enter two floats <c, d>: 20.5 99.5 
On swapping <c , d>: 99.5 20.5 



The above program has three different functions: 
void swap_char { char & x* char & y ) 
void swap_int ( int & x„ int & y ) 
void swap_£Xoat{ float & x, float & y ) 
perforating the same activity, but on different data types. Logically, all the three functions display the 
value of the input parameters. It has names such as swap_ehar, swap_int> swap_£loat. etc.* 
making the task of programming difficult and creating the need to remember function names, which 
perform the same operation. In C+4, this difficulty is circumvented by using the feature of overloading 
the function. 
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In C++, two or more functions can be given the same name provided the signaiurfe (parameters count 
or their data types) of each of them is unique either in the number or data type of their arguments. It is 
possible to define several functions having the same name, but performing different actions. It helps in 
reducing the need for unusual function names, making the code easier to read. The functions must only 
differ in the argument list For example 

swap ( int , int ); // prototype 

swap { float, float ) ; // prototype 

From user's view point, there is only one operation which performs swapping numbers of different data 
types. 

AH the functions performing the same operation must differ in terms of the input argument data- types 
or number of arguments. The program swap 5 . epp illustrates the benefits of function overloading, 

// swaps. Cppr multiple swap functions, function overloading 

iinclude <iostream.h> 

void swap { char & x, char k y } 

{ 

char ti // temporarily used in swapping 
t = x; 
x = y; 

y = C; 

} 

void swap ( int & x, int & y ) 

{ 

int t ; // temporarily used in swapping 

t = x; 
x - y; 
y = tf 

> 

void swap ( float St x, float & y 1 
{ 

float ti /./ temporarily used in swapping 
t = x; 
x = y; 
y » ti 

1 

void main|} 
t 

char chi, Ch2 ; 

cout « “Enter two Characters <chl r ch2> : - ; 
cin >> chi >> ch2f 

swap ( chl F ch2 ) ; // compiler calls swap { char &a, char &h ); 
cout << “On swapping <chl , ch2> : * << chi <<""<< ch2 << endl ; 
int a, h; 

coot << "Enter two integers <a # b > : ■ ; 
cin » a » b; 

swap { bl, b ) ; // compiler calls swap { int &a, int &b 5 \ 

cout << “On swapping <a, b>: " << a « ■ " « b << endl ; 



Copyrighted material 




214 



Mastering C++ 



coot << *sqr( 10 > = ■ << sqr( 10 }{ 

flyn 

Enter a number: £ 

Its Square - 25 
sgr ( 10 ) = 100 

T n main, the statement 

cout « "Its Square = * << square ( num ) ; 
invokes the inline function square f * , . ) . It will be suitably replaced by the instraction(s) of the 
body of the function square ( . . ) by the compiler The execution time of the function square { . , ) 
is less than the lime required to establish a linkage between the caller (calling function) and eallce (called 
function). Execution of a normal function call involves the operation of saving actual parameter and 
function return address onto the slack followed by a call to the function. On return, the slack must be 
cleaned to restore the original status. This process is costly when compared to having square compu- 
tation instructions within a callers body. Thus, ini ine functions enjoy the flexibility and modularity 
of functions and at the same time achieve computational speedup. Functions having small body do not 
increase the code size, although they are physically substituted at the point of a call: there is no code 
for function linkage mechanism. Hence, it is advisable to declare the functions having a small function 
body as inline functions. 

The compiler has the option to treat the inline function definition as normal functions (a warning 
message is displayed). The compiler does not allow large segments of code to be grouped as inline 
functions. The compiler does not treat functions with loops as inline. Programs with in line functions 
execute faster than programs containing normal functions (non inline) at the cost of increase in the size 
of the executable code, * 

7.10 Function Overloading 

Function polymorphism, or function overloading is a concept that allows multiple functions to share 
the same name with different argument types. Function polymorphism implies that the function defini- 
tion can have multiple forms. Assigning one or more function body to the same name is known as 
function overloading or function name overloading. 

The program swap 4 . epp illustrates the need for function overloading. It has multiple functions 
for swapping numbers of different data types but with different names. 

// swap4,cpp; multiple swap functions with different names 

# Include <iostream,h> 

void swap_char ( char & x, char & y ) 

{ 

char tr // temporary used in swapping 
t = x; 
x - y; 
y = t; 
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7.11 Function Templates 

C++ allows to create a single function possessing the capabilities of several functions, which differ 
only in the data types. Such a function is known as function template or generic function. It permits 
writing one source declaration that can produce multiple functions differing only in the data types. The 
syntax of function template is shown in Figure 7.14, 



Keyword for declaring function template 
Keyword class 

name of the template data-type 



template <class Tl, class T2, . , > — — 

ReturnType FunctionName (Arguments of type T1 and T2 , 



Function parameters of 
type template, primitive 
or user-defined 






// local variables of type Tl* T2, or any other 
// function body, operating on variables of type Tl* 
// and other variables 



T2 



Figure 7.1 4; Syntax of function template 

The pro^am swapB.cpp has functions with the same code pattern (same function body but 
operating on different data types). The program swap 6 .cpp illustrates, declaring a single function 
template from which all those functions having the same pattern of code, but operating on different data 
types can be created. 

/ / swapb.cpp: multiple swap functions, function overloading 
♦include <iostream.h> 

template <class T> 
void swap! T & x, T & y ) 

{ 

T tj // temporarily used in swapping, template variable 
t * x; 
x = y; 
y = t r 

) 

void main ( ) 

f 

char chi. ch2 ? 

c out « "Enter two Characters <chl, ch2> ; "j 
cin » chi >> ch2| 

swap f chi, ch2 ) ; // compiler creates and calls swap! char &x r char &y ) ; 
cout « “On swapping <chl, ch2>i ■ << chi « * * « ch2 << endl? 
int a, b ; 

cout « "Enter two integers b> s ■ ; 
cin » a » b; 
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swap l a , b ); / / compiler creates and calls swapt int int &y ); 

cent « "On swapping <a, b>: p « a « - * « b « endl; 
float c* dr 

eout << "Enter two floats <c, d> : M ; 

cin >> c .» d; 

swap! c , d I; // compiler creates and calls swap { float fcx, float &y ); 
COilt « "On swapping <c t d> : a « c « a * << d; 1 

) 

Run 

Enter two Characters <chl J ch2>: R K 
On swapping -chi , ch2> t K R 
Enter two integers <a, h>: 5 10 
On swapping b> : 10 5 
Enter two floats <c r d> ; 20.5 99.5 
On swapping <c, d> ; 99.5 20.5 

In main | ) , when the compiler encounters the statement 
swap { chi , ch2 ) ,* 

calling swap template function with char type variables, it internal Jy creates a function of type 
swap ( char &a, char &b ); 

The compiler automatically identifies the data type of the arguments passed to the template function, 
creates a new function and makes an appropriate call. The process by which the compiler handles 
function templates is totally invisible to the user. Similarly, the compiler converts the following calls 
swap f a r b ) ; // compiler creates and call© swept int &x, int &y )s 

swap ( c t d ) ; // compiler creates and calls swap ( float &x, float &y } ; 

into equivalent functions and calls them based on their parameter data types. 

For more details on function templates, refer to the chapter: Generic Programming with Templates * 

7.12 Arrays and Functions 

The arrays are passed by reference or by address. To pass an array to a function, it is sufficient to pass 
the address of the first element of the array. The program sort . epp illustrates the concept of passing 
array type parameters to a function. 

// sort.Cpp: function to sort elements of an array 

# include <iostream.h> 

enum boolean t false, true } ,* 

void swap! int & x, int y ) 

C 

int t ; // temporary used in swapping 

t - x; 
x = yj 
y - t ; 

1 

”oid BubbleSortf int * a, int size J 
C 

boolean swapped * true; 
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these values are pushed onto or popped from the stack using the C convention for parameter passing. 
The argument values are pushed in order, from right to left. When they are popped out, the topmost 
value stored in the stack will be passed to the first parameter in the function parameter list. The order of 
storing the function parameters in the stack when the statement 

func < a , b ( q 4 d ) ; 

Is invoked is shown in Figure 7 AS. Note that, the Pascal convention of parameter passing is to push 
parameters from left to right when a function is invoked. Knowledge of parameter passing convention 
is essential while doing mixed language programming. 

Function call; func (a, b, c, d) / 

Parameters are pushed Parameters are pushed 
from right to left from left to right 




C++ stack Pascal stack 

Figure 7.15: Parameter passing and Stack 

The program funcstk . epp demonstrates the concept of storing and retrieving the elements from 
the stack. 

// funcstk*cpp: C + + convention of using stack 
# include <iostreaxn . h> 
void Func ( j, k ) 

c 

cout«"ln the function the argument values are "«k« endl ? 

} 

int main ( void J 
t 

Int i = 99; 

Func { +*i, i ) ; 

) 

8m 

In the function the argument values are 100 , * 99 

The output of the program is not 100 ^ 100 as expected, because of die C convention for passing 
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parameters. In the function call, first the value of right-most parameter i, which is 99 will be pushed 
onto the stack, and will be followed by ++ i ; Le. s 1 0 0. Hence, the stack will have 9 9 at the bottom and 
100 at the top. Hence* the statement 
Fund ++i, i ); 

assigns the value 100 and 99 to the formal parameters j and k respectively, 

7.14 Scope and Extent of Variables 

Every variable in a program has some memory associated with it. Memory for variables are allocated and 
released at different points in the program. For example, in case of normal local variables defined in 
functions, memory is allocated when the function starts execution and released when the Function 
returns. A variable defined outside all function bodies is called a global variable, Its ex lent is the entire 
life-span of the program. The period of time during which the memory is associated with a variable is 
called the extent of the variable. Consider the following function 

void func l 1 
{ 

int i; 
i - 10; 

} 

Allocation of memory to the integer variable i is the process of deciding the memory locations to be 
occupied by i . The memory of such local variables is allocated in the program stack when the function 
func ( ) is invoked. Naturally, the memory that was allocated to i is released when the function 
terminates, and that memory space is available for use, Identifiers defined in a function are not acces- 
sible outside that function and hence, thetr extent is limited to life of that function. However, there arc 
exceptions (static variables). For instance, consider the following segment of a program code: 
void func { } 

{ 

int i; 

i = 10; 

} 

void main ( 3 

i = 20; 
func ( ) ; 
i » 30; 

} 

When this program is compiled, the statements, 

i = 20; 
i = 30; 

lead to compilation errors; the variable i is not visible inside the main (). So the definition of the 
identifier i is valid only inside the func { ) , The region of source code over which the definition of an 
identifier is visible is called the scope of the identifier. The scope of the variable i defined in func { ) 
is limited to this function only. If the statement 
int i ; 

is defined in the beginning of main ( ) , then no errors occur, but nevertheless, the variable i in the 



Copyrighted material 




224 



Mastering C++ 



func ( J and that in function main( ) are different Modifications to one variable do not affect the 
other variables. Note that the scope of the variable defined in main { ) is limited to main ( ) only, 
whereas its extent is entire life-span (execution time) of the program. The program variable , epp 
illustrates the scope and extent of local and global variables. 

// variable,cpp: scope and extent of different variable 

# include <i ostream . h> 

int g = 100; // global variable 

void fund ( ) 

{ 

int g = 50; // local variable 

cout << "Local variable g in funclOi - << g <.< endl ; 

) 

void func 2 { ) 

( 

cout « "In f unc2 O g is visible, since it is global." << endl; 
cout « " Incrementing g in func . . . " « endl ; 
g++ ; //accesses global variable 

1 

void main U 
{ 

cout << "In main g is visible here, since it is global *\n T ; 
cout « "Assigning 20 to g in main».»Vn*; 
g - 20 ; // accesses global variable 

cout << "Calling fund . * * \n" ? 
f unci ( ) ; 

cout << M funcl returned * g is * << g « endl; 
cout << "Calling func2 P . , \n" I 
func 2 f } ; 

cout << " func 2 returned, g is ■ << g << endl ; 

] 

Bm 

in main g is visible here, since it is global* 

Assigning 20 to g in main. . * 

Calling fund, . , 

Local variable g in fund ( ) : EQ 
fund returned, g is 20 
Calling fund . * , 

In f unc2 { ) g is visible, since it is global, 

Incrementing g in func, * . 
func 2 returned, g is 21 

The global variable g is visible to all functions (entire file} and its extent is the entire execution time 
of the program. The scope and extent oflocal variable g of fund { ) is limited to its function body. 

The scope of a variable can confirm to a block, a function, a file, or an entire program (in case of 
multimodule file) The variables defined within a block can be accessed only within that block. The 
program blocki * epp illustrates the block scope of variables. 
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The reverse of the string is; malayalam 

Static Variables 

The static storage class allows to define a variable whose scope is restricted to either a block, a 
function, or a file (but not all files in multimodule program) and extent is the life-span of a program. The 
memory space for local static and global variables is allocated from the global heap ♦ Static variables 
that are defined within a function remember their values from the previous call (Le^the values to which 
they are initialized or changed before returning from the function). The static variables defined outside 
all functions in a File are calledyife static variables , They are accessible only in the file in which they are 
defined. The program count . cpp illustrates the use of function static local variables. 

// countxpp: use of static variables defined inside functions' 

# include <iostream + h> 
void PcintCount £ void ) 

( 

static int Count = X? // Count is initialized only on the first call 
cout << “Count * ■ « Count « endl; 

Count = Count + 1; / ! The incremented value of Count is retained 

> 

void main { void 5 
£ 

PrintCount t ) ; 

PrintCount { J ; 

Print Count t ) ; 

) 

Run 

Count = 1 
Count = 2 
Count = 3 

The output of the program is a sequence of numbers starting with I , rather than a string of 1 V The 
initialization of static variable Count is performed only in the first instance of the function call. In 
successive calls to the function, the variable Count has the same value as it had before the termination 
of the most recent call. However, these static variables are not accessible from other parts of the 
program. 

Extern global variables are global to the file in which they are defined* They are used when the same 
global variable is referenced in each one of the files and these variables must be independent of each 
other across files. The use of global variables is not recommended, since they do not allow to achieve 
function independence which is one of the basic ideas of modular programming. 

Extern Variables 

When a program spans across different files, they can share information using global variables, Global 
variables must be defined only once in any of the program module and they can be accessed by all 
others* It is achieved by declaring such variables as extern variables. It informs the compiler that 
such variables are defined in some other file. Consider a program having the following files; 
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// Irlel.cpp: module one defining global variable 
int done; // global variable definition 
void fund {) 

{ 



} 

void dispCI 
C 



} 

/ / file2 + tpp : module two of the project 
extern int done; // global variable declaration 
void func3 
{ 



} 



In f ilel . cpp f the statement 
int done; 

defines the variable done as a global variable. In file2 . epp, the statement 
extern int done; 

declares the variable done and indicates that it is defined in some other file- Note that the definition of 
the variable done must appear in any one of the modules, whereas extern declaration can appear in any 
or all modules of a program. When the linker encounters such variables, it binds all references to the 
same memory location. Thus, any modification to the variable don® is visible to all the modules 
accessing it. 

If the global variable done is defined as static, it can be again defined in other modules since the 
linker treats each as a different variable. Such global static variables have scope restricted to a file and 
extent is equal to the entire life-span of the program. The auto and static global variables are used mainly 
in managing large multimodule software project. Note that, the memory space for global variable is 
allocated from the global heap memory. 

7.16 Functions with Variable Number of Arguments 

C++ functions such as vfprintf ( ) and vprintf ( ) accept variable argument lists in addition to 
taking a number of fixed (known) parameters. The va_argr t va„ond, and va_start macros provide 
access to these argument lists in the standard form. They are used for stepping through a list of 
arguments when the called function does not know the number and types of the arguments being 
passed. The header file stdarg.h declares one type {va„listj and three macros (va_start, 
va_arg, and va_end). 

The syntax of macros handling variable number of arguments are the following: 

# include <stdarg,h> 

void vaL^s tart (va_l let ap, lastf ix) ; 
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type VA_arg ( va_l is t ap ( type) ; 
void va_end fva_list apj ; 

va list: This array holds information needed by va_,arg and va_end. When a called Function lakes 
a variable argument |ist, it declares a variable ap of type va_list. 

va_start: This routine f implemented as a macro) sets ap to point to the first of the variable arguments 
being passed to the function, va_start must be used before the first call to va_arg or va„end* 
The macro va_start takes two parameters: ap and last fix* ap is a pointer to the variable argu- 
ment list last fix is the name of the last fixed parameter passed to the caller. 

va^arg: This routine (also implemented as a macro) expands to an expression that has the same type 
and value as the next argument being passed (one of the variable arguments). The variable ap to 
va_arg should be the same ap that va_s cart initialized. Note that because of default promotions, 
char, unsigned char or float types cannot be used with va_arg. 

When va_arg is used first time* it returns the first argument in the list. Every successive use of 
va_arg, returns the next argument in the list* It does this by first dereferencing ap, and then incrementing 
ap to point to the following item va_arg uses the type to perform both the dereferencing and to 
locati ng the following item. Each lime va_arg is invoked, it modifies ap to point to the next argument 
in the list. 

vmj&ndi This macro helps the called function to perform a normal return. va_end might modi f yap in 
such a way that it cannot be used unless va„start is recalled, va_end should be called after 
va_arg has read all the arguments: failure lo do so might cause a program to behave erratically. 

Return Value: w^stari and va_end return no values: va_arg returns the current argument in 
the list (the one that ap is pointing to). 

The syntax of function receiving variable number of arguments is: 

RetumType Func ( argl, [arguments] , * . , I ; 

It is same as the normal function except for the last three dots* which indicates that the function is of 
type variable arguments. The program add , epp illustrates the use of variable number of arguments. 

// addxpp: variable number of arguments to a function 
#include <iostream.h> 

# include <stdarg . h> 
int add ( int arge , * . . ) 

{ 

int num, result; 
va_Jlist args; 

va_utart ( arga r arge ) : // link to variable arguments 

result =t 0; 

for (int i=0i i * arge ; i++) 

{ 

num = va_arg ( args, int ); // get argument value 

result +- num; 

va_end ( args ) ; // end of arguments 

return result; 

} 
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// rfactxpp: factorial of a number using recursion 
# include <ios tream. h> 
void ma£n( void ) 

{ 

int n ; 

long int fact! int I? // prototype 

cout << "Enter the number whose factorial is to be found: * ; 
cin >> m 

cout << w The factorial of ■ n <* * is " « £act(n) « endl ; 

I 

long fact 4 int num ) 

( 

iff num == 0 } 
return 1; 
else 

return num * fact! num - 1 ) ; 

} 

Bsm 

Enter the number whose factorial is to be found: £ 

The factorial of 5 is 120 

Tower of Hanoi 

Tower of Hanoi is a historical problem, which can he easily expressed using recursion* There are N disks 
of decreasing size stacked on one needle, and two other empty needles. It is required to stack all the 
disks onto a second needle in the decreasing order of size. The third needle can be used as a temporary 
storage. The movement of the disks must conform to the following rules: 

1. Only one disk may be moved at a time 

2. A disk can be moved from any needle to any other 

3. At no time, a larger disk rests upon a smaller one. 

The program Hanoi * cpp implements the tower of hanoi problem, The physical model of a tower of 
hanoi problem is shown in Figure 7* IT, 

// hanoi, Cpp: Tower of hanoi simulation using recursion 
♦include -ciostream . h> 
void main! void ) 

( 

unsigned int nvalue; 

char source = *L' # -intermediate = ' C\, destination = 1 R‘ ; 
void hanoi ( unsigned int, char, char, char ) ; 
cout « "Enter number of disks: 1 j 
cin >> nvalue; 

cout << "Tower of Hanoi problem with ■ « nvalue « * disks" « endl; 
hanoi ( nvalue, source, intermediate, destination ) ; 

1 

void hanoi ( unsigned n, char left, char mid, char right J 
{ 

if {n ! = 0 ) 

f 
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void main ( > 

{ 

int sum! , sum2 * sum 3 r 

sum! a add £ 3,1,2,31? 

cout << "surol s * << sural << endl; 

sujtQ = add ( 1 , 10 1 ? 

cout << * sum2 = w << sum2 « endli 

sum! = add! 0 ) ? 

cout « 11 sum 3 - * « aum3 « endl j 



8m 

Buml = 6 
sum2 = 10 
sum3 - 0 

The function declarator (prototype! 
int add C int argc* **, } 

indicates that ii takes one known argument and the remaining are unknown number of arguments. The 
three dots indicate that the function takes variable arguments, to which a chain has to be built. In 
addO function, the statement 
va_li^t args ? 

creates a pointer variable named args. The macro call statement 

va_start i args, arge ) t // link to variable arguments 
links variable arguments to the variable args. The variable a rgs is the last known argument and those 
that follow are variable arguments. The statement 

num - va_arg f args f int J? // get argument value 
accesses the argument of type integer and assigns to the variable num, Later, arg§ is updated to point 
to the next argument. The statement 

va_end ( args ) ; / / end of arguments 

indicates the end of access to variable arguments using arge. In main () * the statement 
suml = add ( 3 # 1, 2, 3 ) ; 

invokes the function add ( } and the first argument is a known argument indicating the number of 
variable arguments. 

The last argument in the list of variable number of arguments must be established by the user. 
Another way of indicating the end of variable arguments is illustrated in the program sum . cpp. 

if suntxpp: variable arguments example 
# include <iostream,h> 

# include <stdarg . h> 

// calculate sum of a 0 terminated list 
void sum (char *msg, .,*) 

{ 

int total s 0 * 
va^list ap; 
int arg; 
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// Move n-1 disks from starting needle to intermediate needle 
hanoi { n-1, left, right, mid ) ; 
i . Move disk n from stare to destination 

couc« "Move disk * << n << " from * << lef t<< ■ to ■ << right <<endl; 
t / Move n-1 disks from intermediate needle to destination needle 
hanoil n-L mid, left, right ) 



Bm 

Enter number of disks: 2 

Tower of Hanoi problem with 1 disks' 

Move disk 1 from L to R 

Move disk 2 from L to C 

Move disk 1 from R to C 

Move disk 3 from L to K 

Move disk 1 from C to L 

Move disk 2 from C to R 

Move disk 1 from L to R 







Figure 7.1 7: lower of Hanoi 
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7.18 Complete Syntax of main () 



The function main { ) takes three input parameters called comm and -line arguments. These are passed 
from the point of program execution (usually operating system shell or command interpreter). The 
general format of the ma in [ ) function is shown in Figure 7. 1 8 



►Function return type: 
void or int 



Arguments count 

-+ Array of pointers to command line arguments 



r Pointers to 

environment variables 



ReturnType «ain (tint arge, char *argvt] r [char # *envp] 1 ]) 
{ 

H body of the main function 



Figure 7,18: Syntax of the main function 

The return type of the main function must be either int or void It is normally used to indicate the 
status of the program termination. The command-line arguments have the following meaning: 

arge: argument count, holds the value of the number of arguments passed to the main( ) function 
and its value is always positive. 

argv: argument vector, holds pointers to the arguments passed from the command line. The meaning 
of various elements of the argv vector is as follows: 

argv [ 0 ] = pointer to the name of the executable program file (command) 
argv [ 1 ] . , argv [ arge - 1 ] = pointers to argument strings 

envp: environment parameter, holds pointers to environment variables set in the operating system 
during the program execution. It includes path and environment parameters. It is optional and not a 
ANSI specification. 

When the command disp hello is issued at the system prompt, the arguments are set as follows: 
arge = 2 

argv{ 0 2 = M disp“ 

argvt 1 3 = hello* 

The program args . epp prints the list of arguments passed to it. To execute this program, issue the 
command args Hello World at the system prompt. 



// args. epp: printing command line arguments 

# i nc lude < lost ream . h> 

void main! int arge , char *argv[] ) 



int i % 

cout << "Argument Count = " << arge; 
cout « ■ \nPrograih tJame ~ " « argv [ 0 ] ; 
cout « * VnArguiftent Vectors Are;\n*| 
for ( i — 0 ; i < arge; i++ ) 
cout « argv [i 2 « ' \n M ; 



} 
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Run 

Argument Count - 3 

Program Name = D:\CP PJ5KC \MC 2 C PP . C 0 2\ ARCS . EXE 
Argument Vectors Are; 

D : \CPP_SRC\MC2CPP . C02 \ARGS , EXE 

Hello 

World 

Program Extoution Status 

Normally, after the complete execution of the program, it exits from the main ( ) function itself. How- 
ever, programs can be terminated from anywhere within the program, The return type of the main 
function can be used by the system to decide whether the program terminates with successful execu- 
lion or not. The return statement in main {) 

return 0; // program return type 

or the exit ( ) statement anywhere in the program 
exit ( 0 ) 

terminates the program with the program execution status as zero. The general convention is that, the 
return value 0 is treated as a successful execution of the program and nonzero value is interpreted as 
unsuccessful execution of the program. The method of identifying this return value from outside the 
program (from where it is invoked)* depends on the operating system environment in which the program 
is executed, For instance, under MS-DOS operating system, the system sets the environment variable 
error-level to the value returned by the programmer. The user can inspect the value held by the 
error level variable to decide the status of program execution* The program fullmain.cpp 
displays the command line arguments and environment variables, 

// fultmaln.cpp: prints cortiaand line arguments and environment variables 
# include <iostream,h> 

int mainf int arge, char **argv* char **envp ) 

{ 

cout << "The number of command line arguments is: ■ << arge « endl? 
cout « "The command line arguments are as follows" « endl,- 
f or { int i = 0; i < arge j i++ 1 

cout « "argvl 1 « i « "1 ; " « argvtil « endl? 
cout « “The environment variables are:" « endl ? 

1 = 0? 

while ( *envp[lj ) 

cout « envp [ i++ ] « endl? 
return 0 ? 

) 

Bun 

The number of command line arguments is; 3 

The command line arguments are as follows 

argvtO] ; C : \CPP_SRC\ FUNCTION ♦ C07 \ FULLMAIN . EXE 

argv[ 1] - Hello 

argv(2] : World 

The environment variables are; 

COMSPEC=C : \COMMAND«COH 
PROMPT^ $p$g 

PATH=C: \BC4\BIN;C: \EXCEEDW\PATHWAY?C: \BC4\BIN;C: \mNDOWS?C: \DOS?C: \ PATHWAY ; 
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Rtevtew Questions 

7, 1 What i s mod ul ar programmi ng and what are its benefits ? Expl ain the same with a C++ e xam pi e . 
7*2 Explain different components of a C++ program wi th a $u liable e xample program . 

7*3 What are the differences between actual parameters and formal parameters ? 

7 A What are caller and cal lee ? List the various components causing the overhead of function 
invocation. 

7.5 What are I ibrary functions ? Explain how they ease program development. What are the different 
categories of functions supported by C++ library 7 

7.6 What is parameter passing ? Explain parameter passing schemes supported by C++. 

7.7 Develop a function to sort numbers using bubble sort technique. Write a driver function also. 
7,S What are the differences between parameter passing by value and passing by address ? 

73 What arc the benefits of pass by reference method of parameter passing over pass by pointer 7 

7.10 What arc default arguments ? Write a program to compute tax. A for compute function takes two 
arguments: amount and tax percentage. Default tax percentage is 1 5% of income. 

7.11 State whether the following statements are valid or not 7 Give reasons. 

tax_amount ( int amount, int percentage = 15 ) r // prototype 
tax_amount ( , 5 ); 

show!! char ch m 'A' r int count » 3 } ; // prototype 

show! t 2 )i 
show { , ) ; 

show( ) ; 

7* II What are inline functions ? Write an inline function for finding minimum of two numbers. 

7.12 What is function overloading ? Write overloaded functions for computing area of a triangle, a 
circle, and a rectangle, Develop a driver function. 

7.13 What are function templates ? Write a template based program for sorting numbers. 

7.14 What is the difference between parameter passing in C++ and Pascal ? What is the result of: 

sum = addt i++, aC i] )# // if i«l and a[) = ( 5, 10, 15, 20 1 
7, IS Define terms: scope and extent. Explain different storage classes supported by C++, Also explain 
there scope and extent. 

7.16 Write a program having a variable argument function to multiply input numbers. 

7.17 What are recursive functions ? Write a program to find the ged of two numbers using the follow- 
ing Euclid's recursive algorithm, 

ged In, if n > m 

gedtirun) = m if n = 0 

gcd(n, m%n) , otherwise 

7, IS Write a program for adding integer parameters passed as command line arguments. 

7.19 Write a program to generate fibonacci series using the following recursive algorithm: 

0 if n = 0 
fib (n) = 1 1 if n * 1 

, f ibfn-1) +f ib (n~2 ) , otherwise 

7.20 Implement a recursive binary serach using divide and conquer technique. 
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8.1 Introduction 

Structures combine logically related data items into a single unit* The data items enclosed within a 
structure are known as members and they can be of the same or different data types. Hence, a structure 
can be viewed as a heterogeneous user- defined data type. It can be used to create variables, which can 
be manipulated in the same way as variables of standard data types, It encourages better organization 
and management of data in a program, 



8.2 Structure Declaration 

The declaration of a structure specifies the grouping of various data items into a single unit without 
assigning any resources to them. The syntax for declaring a structure in C++ is shown in Figure ILL 



keyword 



| str u cture name 



struct Strut tureName 



{ 

DataType member 1; 
DataType member ! t 

DataType member N; 



structure members 



Figure 8.1 : Structure declaration 



The structure declaration starts with the structure header, which consists of the keyword struct 
followed by a tag. The tag serves as a structure name, which can be used for creating structure vari- 
ables. The individual members of the structure are enclosed between the curly braces and they can be 
of the same or different data types. The data type of each variable is specified in the individual member 
declarations, Like all data structure declarations, the closing brace is terminated with a semicolon. 

Consider a student database consisting of student roll number, name, branch, and total marks 
scored. A structure declaration to hold this information is shown below: 
struct Student 

C 

int roll_no ; 
char name E 25] ; 
char branch [15 
int marks ; 

}; 
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Run 

Enter data for student.** 

Roll Humber ? 2 
Name ? SflYlthrl 

Enter date of birth <day month year>; 2 2 1972 

Branch ? fijflgfcrifial 

Total Marks <max-32 5> ? 2 95 

Student Report 



Moll Humber i 3 
Ham: Savithri 
birth day: 2-2-1972 
Branch: Electrical 
Percentage: 52 , 076923 

8.7 Array of Structures 

Jl is possible to define an array of structures; each array element is similar to a variable of that structure. 
The syntax for defining an array of structures and accessing its members using an index, is shown in 
Figure 8.9. 



value 



StructureName ArrayName [size] j 

(a) Array of structures definition 

ArrayNam© [ ind©x] 

(b) Accessing a particular array element 

ArrayName [ index] .Member Name 

(c) Accessing a particular member 

Figure 8.9: Array of structures and member access 

Hie following examples illustrate the concepts of defining arrays of structures and manipulating 
iheir members. Consider the structure declaration given below: 

struct Student 
{ 

int roll_no: 
char name [251? 
struct date birthday: 
char branch [IS]? 
int marks : 



integer com tarn 
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An array of the above structure can be defined as follows: 

Student el 10]? 

Hie variable s is a 10 element array of structures of the type student. The 5 th structure can be 
accessed as follows: 

3 [4J? if arrays are numbered from 0 to n-1 

The following statements access members of the structure array elements: 

s ( 4 ] .name; if access the name of 5th structure 

s [ 01 , marks [ 5] ; // access 5th character of 1st structure 

&s(2] .name // address of 3rd s structure member name 

Another method of defining an array of structures is as follows: 
struct Student 
{ 

int roll_no j 
char name [25] ; 
struct date birthday; 
char branch [15 J ; 
int marks; 

) s 1 1 0 ] ? 

More than one array of structure variables can be defined in a single statement as follows: 

Student eiassl[10), elaas2[15]; 

It defines two arrays of structure variables class! and cl ass 2 of size 10 and IS respectively Each 
element of the c lass 1 will be a structure of type 5 tudent. The program students . cpp illustrates 
the method of processing of an array of structures, 

// student3.cpp; processing of student data using structures 
* include <iostream,h> 
struct Student 

i 

int rol l_no j 
char name [251? 
char branch (15 j j 
int marker 

}? 

void main { ) 

t 

// data definitions of 10 students 
Student s [ 10 ] ; 
int n; 

eout << "How many students to be processed <max-lQ>: *? 
cin >> n; 

// read student data 

fori int i = 0 ; i < n; i++ } 

{ 

cout << "Enter data for student 41 << i+1 << “ . . , " << endl ; 
cout << 'Roll dumber ? " j 
cin >> s [ i] . roll_no ; 

COUt « "Name ? p ; 
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9, "Savithri", "Electrical - , 290 

The variable a is on array of 5 elements of type Student. Thus, structure clement s [0] will be 
assigned the first set of values, & f 1 ] the second set of values, etc. Note that there are 5 sets of values 
in the initialization, which are placed in different rows for clarity. The values are separated by commas 
and enclosed within braces, with the dosing brace being followed by a semicolon. To improve the 
readability of the program code, it is advisable to enclose the individual sets of values within braces as 
shown below: 



Student 


s[5] - [ 




{ 


2 * 


"Tejaswi * t 


"CS\ 200 } , 


( 


3 , 


"Laxmi " f 


-IT", 215 


1 


5, 


*Bhavani " , 


M Electronics M t 250 } 


C 


7, 


"Anil" 1 , 


•Civil", 215 } r 


{ 


9 , 


"SavithriS 


"Electrical", 290 } 



)? 



The program student 4 . cpp illustrates the initialization of an array of structures at the point of its 
definition. 

/ / Student4*epp: array of structures and their initialisation 
•include <iostream,h> 
struct Student 
{ 

int roll_no; 
char name [25] ; 
char branch [151 1 
int marker 
>f 

int const STUDENTS_CQUNT * 5; 
void main ( 1 
C 

// data definitions of 10 students 
Student si students_couht ] m { 

{ 2, "Tejaswi ■ , *CS" , 285 ) f 
{ 3, "Laxmi% -IT*. 21S }> 

[ 5, "Bhavani ■ , * Electronics ■ , 250 } t 
{ 1 , "Anil", "Civil*, 215 ), 

{ 9 t "SavithriV, "Electrical", 290 ) 

}i 

cout « "Students Report" « endl; 

cout * — * << endl? 

ft process student data 

for ( int i * 0? i < STODBOTS^COUOT ? ) 

C 

cout « # Roll Number: " « s[ij*roll_no « endl? 

cout « "Name : ■ « a[ij .name « endl? 

cout « "Branch: ■ « s [11 .branch « endlj 

cout << "Percentage: * << s [ 1] .marks* l 100 . 0/325) « endl? 

> 
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8.8 Structures and Functions 

Structure variables may be passed to functions just like any other variables. It is also possible toi 
functions to return structure variables through the use of the return statement Note that any number 
of structure variables can be passed to the function as arguments in the function calk but only one 
structure variable can be returned from the function by the return statement. The program 
students , epp illustrates the passing of structure parameters and returning of a structure value. 

f / Students. epp: structure data type parameter passing 
# include <iostreanuh> 
struct Student 
! 

int roll_no; 
char name E 2 5 ] ; 
char branch f 15 1 ; 
int marks i 
)i 

if reads data of type Student and returns 
Student readO 
{ 

Student dull; 

cout « "Roll Humber ? * ; 

cin » dull . roll_no; 

cout « "Hame ? " i 

cin » dull. name; 

cout « * Branch ? 1 ; 

cin » dull. branch; 

cout «. "Total Harks <max-325> ? ■; 

cin » dull. marks; 

return dull; // returning structure variables 

) 

// displays contents of the structure Student 

void show? Student genius ) // takes structure type parameter 

[ 

cout « "Roll Humber; " « genius . roll^no « endl; 

cout « "Hame: " << genius .name « endl ; 

cout « "Branch: “ << genius . branch « endl; 

cout « "Percentage: ■ « genius .marks* E 100 . 0/325 ) << endl; 

) 

void main ( ) 

( 

// data definitions of 10 students 
Student s [10]; 
int n; 

cout « "How many students to be processed <max-10>* 
cin » n; 

f t -read student data 

for < int i » 0? i < n; i++ ) 

{ 

cout « "Inter data for student * « i+1 « ",*** « endl; 
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Branch ? Genetics 
Total Marks <max~325> ? 295 
Enter data for student 2 - , - 
Roll Number ? 15. 

Name ? Rai Kumar 
Branch ? Computer 
Total Marks <max-325> ? 3 15 
Enter data for student 3. , . 

Roll Number ? 2 

Name ? Laxroi 

Branch ? Electronics 

Total Marks <max~325> ? 255 

Details of student scoring highest marks*.. 

Roll Number : 15 
Name: Rajkumar 
Branch: Computer 
Percentage: 96.9231 

In main { ) t the statement 

id = H ighes tMarks ( s f n ) ; 

invokes the function Eighes tMarks { ) and finds the student with the highest marks, It accepts two 
arguments, the first Is an array of structures and the second argument is an integer which denotes the 
number of students. The index of the student record with the highest marks is found by this function 
and returned to its caller (in this case, main ( J is Che caller). 

8.9 Data Type Enhancement Using typedef 

C++ provides a facility called type definition by which new type names can be created. This is accom- 
plished by using the typedef keyword as shown in Figure 8. 1 1. 




typedef Exist ingTypeName [*/&J NewTypeName ; 

Figure 8.11 : Enhancing existing data types 

ExistingTypeName is the name of an existing data type, and MewTypeName is the new user 
defined data type. Notice that a new user defined data type is created only from the existing data types 
such as int, float, struct:, etc. The following examples illustrate the concepts introduced, 
typedef int Length; 

Length now becomes a synonym for int and variables can be defined using the new type name. 
Length denotes a type name like int and is not a variable. Consider the following statement: 
Length lenl , Ler. 2 ; 

The above statement defines two variables of type integer and is equivalent to 
int lenl, len2; 
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Note that the operations possible on the variables lenl and len2 are precisely, the same as the 
operations permitted on integer variables defined using the keyword int. Consider the following set of 
statements. 

typedef int emprec [ X 0 1 1 
«npre c per 3 on 1 , p er s on2 j 

The type emprec is now a new data type which is a 10 element array of integer quantities, personl 
and persons are two variables of this new type and each variable is a 10 element array of integer 
quantities. The following are valid expressions: 

personl 1 3 1 access the 4th element of person 1 

personl access the starting address of personl 

kpersonl ( 0 ] access the starting address of personl 

The typedef statement for defining string data type is 
typedef char * String; 

II can be used as follows: 

String name; 

It is equivalent to 

char * name? 

The typedef can be used to create reference type (alias) integer data type as follows: 

typedef int k INTREF; 

Aliases for variables can be created using INTREF as follows: 

INTREF b * c; 

It is effectively equivalent to 
int &b m ct 

Benefits of the typedef statement 

There are several important uses of the typedef statement: 

* It helps in effective documentation of a program, thus increasing its clarity. This in turn enhances the 
ease of maintenance of the program, which is an important part of software management. 

* The typedef statement is often used for declaring new data types involving structures. A new data 
type representing the structure is declared using the typedef keyword. Since all structure declara- 
tions in C++ are typedef by default, explicit use of the struct keyword during structure variable 
definition is optional. It is used explicitly when the structure's pointer or alias type is to be created. 
The usage of the typedef statement is illustrated below: 

typedef struct tag 
[ 

type member!; 
type member 2 ; 

type membern; 

} [ * / k ) NewDa t aTyp e ; 

Consider the following declarations: 
struct date 
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int day; 
int month; 
int year; 

}; 

typedef date w DATEPTR ; 

The type name DATEPTR can be used to define a pointer to the structure date as follows: 
DATEPTR dp? 

It is equivalent to 
date * dp? 

* The third important use of the typedef statement is its usage in writing portable programs* The 
sizes of different data types are dependent on the compiler. For instance, the size of an integer is two 
bytes on a 16- bit compiler and four bytes on a 32-bit compiler. Portability is achieved by type- 
declaring an integer as follows: 

typedef long int INT - 

In the program, use definitions such as 

.INT a, b; 

instead of the statement 
int a, hi 

to increase the portability of a program, 

8.10 Structures and Encapsulation 

Structures in C++ have undergone a major revision. Like C structures, C++ structures also provide a 
mechanism to group together data of different types into a single unit. In addition to this, C++ allows to 
associate functions as part of a structure. Thus, C++ structures provide a mie mechanism to handle 
data abstraction. Such structures have two types of members: data members and member functions, 
(See Figure 8.12) Functions defined within a structure can operate on any member of the structure. 

The program complex. cpp illustrates the concept of associating functions operating on the 
structure members. The functions enclosed within a structure can access data or other member func- 
tions directly. Similar to the data members, member functions can be accessed using the dot operator. 

struct complex 



data members 



member functions 



i|lt x; 



int y; 



void readO 



void shown 



Flgur# 8.12: Functions as a part of C++ structures 
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// comptex.cpp: functions as a part of C++ structures 
# include <iostream.h> 

• include <math ♦ h> 
struct complex 
( 

irtt x; // real part 

int y? // imaginary part 

void read ( ) 

{ 

cout << *Real part ? " j 
cin >> Ki 

cout << "Imaginary part 
cin >> y; 

) 

void show 4 char *msg ) 

{ 

cout << ms g << x; 
if ( y < 0 ) 

cout « m -i m t 
else 

cout « -+i"; 
cout << fabs ty) « endl ; 

) 

void add! complex c2 } 

{ 

x +* c2 .x? 
y += c2 .y; 

I 

Ji 

void main ( ) 

{ 

complex cl, c2, c3 ; 

cout « • Enter complex number cl * . " « endl; 
cl . read ( ) ; 

cout « "Enter complex number c2 * , * « endl ; 

c2 , read ( ) s 

cl . show ( "cl = * ) ; 

c2 . show f “c2 » * i i 

c3 = cl; // assignment 

c3 . add f c2 ) ; // c3 = c3 + c2; 

c 3. show i *c3 = cl + c2 = ■ )j 

} 

Sun 

Enter complex number cl „ . 

Real part ? 1 
Imaginary part 
Enter complex number c2 
Real part ? 2 
Imaginary part ? 1 
Cl m l+i2 



Copyrighted material 




Chapter 8: Structures and Unions 



2 59 



cl = 3+i4 

c3 = cl + c2 - 4+i6 
in main { h the statement 
c 1 ▼ read i ) i 

invokes the member function readO * defined in the structure coinplex* The data members of the 
variable cl are assigned with the input values. The statement, 
cl * show( “cl w m ) ? 

displays data members with suitable messages. The statement, 
c3 = cl? // assignment 

assigns the contents of ail the data members of the variable cl to corresponding members of c2. The 
statement, 

c3 . add { c2 ) ; / / c2 = c3 + c2 ; 

adds the contents of the variable c2 to c3. 

Note that, structures and classes in C++ exhibit the same set of features except that structure members 
are public by default, whereas class members are private by default. Most of the C++ programmers 
prefer to use a class to group data and functions; a structure to group only data which are logically 
related. Hence, through out this book, a construct called class {instead of struct) is used as a 
means for implementing OOP concepts. More details on classes can be found in the chapter: Classes 
and Objects, 

8.11 Unions 

A union allows the overlay of more than one variable in the same memory area, Normally, each and every 
variable is stored in a separate location and as a result, each one of these variables have their own 
addresses. Often, it is found that the variables used in a program appear only in a small portion of the 
source code. Consider the following situation to illustrate the benefits of union data type: 

Suppose, a string of 200 bytes is needed to store [filename in the first 500 lines of the code only, and 
another string of 400 bytes is needed to use as buffer in the^est of the code (that is from the 500 th line 
onwards) Note that* no part of the code will access both the variables simultaneously. In such a 
situation, it would be a waste of memory if two arrays of 2QG bytes and 400 bytes are defined; it requires 
600 bytes of memory. The union provides a means by which the memory space can be shared, and only 
400 bytes of memory is needed. 

Declaring a Union 

In terms of declaration syntax* the union is similar to a structure as shown in Figure 8J3. The method 
used to declare a structure is adopted to declare a union, A union data type is like a structure, except 
that it allows to define variables, which share storage space. Note the only change is the substitution of 
the keyword struct by the keyword union. The rest of the discussion regarding the declaration is 
the same as that given for the structure (i.e.* even functions can be a part of uni on) . 

Hie compiler will allocate sufficient storage to accommodate the largest element In the union. Unlike 
a structure, members of a union variable occupy the same locations in memory (starting at the zero 
offsets). Thus, updating one member will overwrite the other. Elements of a union type variable are 
accessed in the same manner as the elements of a structure. 
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union UruonName 



I 

Datatype member 1? 1 

Datatype member 1 ; , union ^mbcr* 

BataType member H; 

J; 

Figu re 8. 1 3: Un Ion d eclara t Ion 

The memory space required for defining a variable of the union is; 

max ( s i zeof {member 1 } , sizeof ( member 2] , * „ * * sizeof (memberN) ) 

That is, the member of biggest size should fit in the common memory space. 

Defining Variables 

Union variables can be defined at the point of union declaration or can be defined separately as and 
when required, Consider the following declaration; 

union X // union declaration 

{ 

int a * 
char ch; 
double b; 

J; 

The variables of the above union X can be defined as follows: 
union X xl; 

The storage space required to represent the variable %l is max( sizeof{int} s sizcoffchar), sizeof ( double)). 
At any point of time, the union variable can hold data of any one of its members. It is the responsibility 
of die programmer to decide to which of its members the data stored in the union variable is meaningful. 

Member Access 

Members of the union can be accessed using either the dot or the arrow (->) operator. It is similar to 
accessing the structure variable. Consider the following declaration: 
union person 
{ 

char name [251 i 
int idno,* 
float salary; 

}; 

The variables of the above union person can be defined as follows: 

union person v&ri , *var2; // varl is value variable, var2 is pointer 
The statement to assign the address of a variable varl to the pointer variable var2 is as follows: 
var2 = tvarl; 

The individual members can be accessed as follows: 
varl. name access the name 
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varl . idno access the idno 
var2->salary access the salary 

The members can be assigned in the same way as the members of a structure, For instance, 
varl , idno = 20 1 

strcpy { varl.name, H Vi jayashree " }$ 
the content of the members of the union variable varl can be displayed as follows: 
coat « varl,name; 

The program union. cpp illustrates the usage of union to share the storage space. 

// union.cpp; union of two strings 
# include <iostream.h> 

^include <string.h> 
union Strings 
( 

char £i lename [ 200 ] ; 
char Output [400]; 

}; 

void main ( ) 

{ 

Strings si 

strcpy { s * filename, M / cdacb/ usr 1 / raj / oops /microkernel /pserver , cpp * I? 
cout << "filename: * << a. filename <=< endl; 

-L 

strcpy '( a - output , "QOPs is a most complex entity ever created by humans * } ; 
cout << “output: " « s. output « endl ; 
c out « “Size of union Strings = p « sizeoff Strings > ; 

} 

Run 

filename: /cdacb/usrl/ra j /oops /microkernel /pserver . cpp 
output: ODPs is a most complex entity ever created by humans 
Size of union Strings - 400 

8.12 Differences between Structures and Unions 

Structures and unions have the same syntax in terms of their declaration and definition of their vari- 
ables. However, they differ in the amount of storage space required for their storage and the scope of 
the members. 

Memory Allocation 

The amount of memory required to store a structure variable is the sum of the size of all the members. On 
the other hand, in the case of unions, the amount of memory required is always equal to that required by 
its largest member. Hie program sudi f f . cpp illustrates the memory requirements for variables of the 
structure and union types. 
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// sudiff.cpp: memory requirement for structures and unions 
# include <iostream,h> 
struct 
{ 

char name [2 5]; 
int idno; 
float sal ary i 
} emp; 
union 

c 

char name [251 1 
int idno; 
float salary; 

} desc j 

void main ( ) 

( 

cout « "The size of the structure is ■ « sizeoflemp) « endlj 
cout « "The size of the union is • « sizeof(desc) cc endl; 

1 

Run 

The size of the structure is 31 
The size of the union is 25 

Operations on Members 

Only one member of a union can be accessed al any given time. This is because, at any instant, only one 
of the union variables can be active. The general rule for determining the active member is: mly that 
member which is updated can be read . At this point, the other variables will contain meaningless 
values. It is the responsibility of the programmer to keep track of the active members. The program 
uaccess . cpp illustrates accessing of a union variable and its members. 

// uaccess. cpp: accessing of union members 
# include <iostrearruh> 

# include <string + h> 
union emp 
C 

char name 12 5); 
int idno; 
float salary; 

>; 

void show( union emp e ) 

t 

cout << “Employee Details . , . * << endl; 
cout « “The name la ■ « e „ name « endl; 
cout « “The idno is ■ « e + idno << endl; 
cout « "The salary is “ « e. salary « endl; 
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Operation on Unions 

In addition to the features discussed above, the union has a]] the features provided by the structure 
except for minor changes, which is a consequence of the memory sharing capabilities of the union, This 
is made evident by the following legal operations, 

♦ A union variable can be assigned to another union variable, if their tags are same, 

# A union variable can be passed to a function as a parameter* 

* The address of the union variable can be extracted by using the address-of operator (&). This union 
pointer can be passed to functions. 

* A function can return a union or a pointer to the union. 

Performing operations on the unions as a whole, for example, arithmetic or comparison operations 
are illegal. 

Scope of a Union 

The members of a union have the same scope as the union itself. It is illustrated in the program 
us cope . cpp. The union definition having no tag or instance variable is called anmymom union , 

// uscope.cpp: scope of union declaration 
# include <iostream.h> 
void raain{ ) 

1 

union // anonymous union definition 

( 

int i; 
char O ; 
float f ; 

i ^ 10 f 
e ^ 9 ; 
f = 4.5; 



cout 


« 


"The 


value 


of 


i 


is 


" « 


i 


<< 


endl 


cout 


« 


"The 


P 

r- i 

re 

> 


of 


c 


is 


* « 


c 


<< 


end! 


cout 


<< 


"The 


value 


of 


f 


is 


■ « 


f 


« 


endl 



) 

Run 

The value of i is 0 
The value of c is 
The value of f is 4.5 

In the above program, the scope of the union definition is limited to main ( ) and henoe, the scope 
of its members, i, c and f is limited to main ( ) . In main { } , they can be accessed like any other local 
variables. The only difference is that the variables share the same memory. 

8. 1 3 Bit-fields i n Structures 

C++ allows packing many data items into a single machine word for efficient and optimal usage of the 
storage space* This facility is useful when a program needs flags to keep track of status information 
related to various activities. Consider a program, which stores information about a person including the 
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following: 

+ Are you possessing any formal degree ? 

* Are you employed ? 

* Single or married ? 

* Male or Female ? 

* Are you a teenage ? 

* Are you Indian ? 

The simplest way of achieving the above task is to define six integer variables, each keeping the 
status of one item. Tills method requires 6*sizeof ( int) bytes of memory locations. Another 
mechanism of achieving it is through the use of bit masks (macros) as follows: 



# define 


DEGREE 


01 


#def ine 


EMPLOYED 


02 


# define 


MARRIED 


04 


#de£ ine 


MALE 


oe 


#def ine 


TEENAGE 


16 


# define 


INDIAN 


32 



Note that, the numbers must be powers of two, so that they can act as masks corresponding to the 
relevant bit positions, thus accessing the bits by shifting, masking, and complementing. For instance, 
the statement 

flags | a DEGREE ; 

sets the first bit to 1 and the statement 
flags -MARRIED; 

clears the second bit indicating that a person is unmarried. The conditional statement 
iff flags b MARRIED 1 
cout « "Married person"? 
else 

cout « "Unmarried person*; 

is valid. These idioms (mode of expressions) are easily prone to errors. As an alternative to this mecha- 
nism, C++ offers the capability of defining and accessing fields within a word directly rather than by 
bitwise logical operators. A bit- field or field in short, is a set of adjacent bits within a single implemen- 
tation-defined storage unit called a word The syntax of field definition and access is based on struc- 
tures. For instance, the above #de fine statements could be replaced by the definition of six fields as 
follows: 

struct 

{ 

unsigned int is_jlegree * I; 
unsigned int is_employed: 1 ; 
unsigned int is_married ; 1 ; 
unsigned int is„male : 1; 
unsigned int is_ teenage j 1; 
unsigned int is_indian ; 1; 

] flags; 

It defines a variable called flags which contains six single-bit fields, The number following the colon 
represents the field width. The fields declared are of type unsigned int (can be int) to ensure that 
they are unsigned quantities. 



Copyrighted material 




266 



Mastering C++ 



The Individual fields are referenced in the same way as other structure members. For instance, 
f lags 8 . is_married 

expression accesses the contents of its corresponding bit. Fields act like integers and can be used in 
arithmetic expressions just like other integers. Thus, the previous examples can be written more natu- 
rally as follows: 

flags , is_degree = 1 ; 
sets the first bit to 1 and the statement 
flags , is_married ’= 0; 

clears the second bit, indicating that a person is unmarried. The conditional statement 
if ( flags . is_married ) 

cout << "Married person"; 
else 

cout '< "Unmarried person’*; 

is valid. 

Consider the following declaration which illustrates bit- fields of larger width: 
struct with^bits 
t 

unsigned first ; 5; 
unsigned second : 9; 

The identifier with„bits is a structure containing 2 members: first and second The member 
first is an integer with 5 bits, and second is an integer with 9 bits. Both the numbers can be stored 
in a single 16-bit entity (even though they add up to 14 bits, a 14“ bit entity cannot exist in memory), 
rather than two separate integers. It is illustrated in the program share . cpp. 

// share.cpp: union and structure combined 
# include <iostream.h> 
struct wi thjhi ts 
t 

unsigned first : 5; 
unsigned second : 9; 

); 

void mainf) 

{ 

union 

{ 

wi th_bits b; 
int i ; 

}? 

i = 0; / / Both first and second are cleared to 0 

cout << "On i = Oi b, first = " << b. first << 41 b. second = "<< b. second; 

b. first -9; // first is set to 9; second remains 0 

cout << endl << “b* first =■ 9; m ; 

cout « "b. first - " « b + first « * b* second * * « b.second; 

Run 

On i = 0: b. first - 0 b, second = 0 
b. first = 9 1 b . first = 9 b. second - 0 
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In main (I t the union defines two variables b and i, and they are stored in the same memory 

location. In a way, they can act as aliases. The statement, 
i » 0; 

clears the complete word and intum clears members of the staicture withjbits. The statement 
b . first = 9; 

updates only the first 5 -bits of the word. Note: the maximum size of each hit- field is sizeof (intf 

Review Questions 

8*1 What are structures ? Justify their need with an illustrative example. 

8*2 Why structures are called heterogeneous data- types ? 

83 Ex pi at n storage organisation of structure van ables 

8.4 Write an interactive program, which processes date of birth using structures. Enhance the same 
supporting processing of multiple students date of birth, 

83 Write a short note on passing structure type variables to a function, and suitability of different 
parameter passing schemes in different situations, 

8.6 Develop a program for processing admission report. Use a structure which has elements repre- 
senting information such as roll number, name, date of birth (nested structure), branch allotted. 
The functions processing members of a structure must be a pan of a structure, The format of 
report is as follows: 

Roll, no* Name Date of Birth Branch Allotted 



xx x xxx xxx x xxx xx xx dd/nun/yy xxxxxxxx 

8.7 What are unions? Write a program lo illustrate the use of the union. 

8.8 What are the differences between structures and unions. 

8.9 Write an interactive program to process complex numbers. It has to perform addition, subtraction, 
multiplication, and division of complex numbers, Pri nt results inx+iy form. 

8.10 Write a union declaration for representing register model of x86 family of microprocessors. Note 
that general purpose registers such as AX are also accessed by lower and higher word registers 
AH and AL respectively. 

8.11 Consider the following structure declaration: 

struct institution 
[ 

struct teacher ( 
int emp l_no ; 
char name [20] ; 

}; 

struct student f 
int roll_noj 
char name ( 15 1 1 

) i 
}t 

What is the sizeof (institution! * sizeof (teacher! . and sizeof (student) ? 
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9.1 Introduction 

The use of pointers offers a high degree of flexibility in the management of data. Knowledge of memory 
organization plays a very important role for understanding the concept of pointers. As the name 
implies, pointer refers to the address identifying a programming element (data or function). Interestingly, 
the system main memory is organized into code and data area as shown in Figure 9. L Although in many 
situations programming can be done without the use of pointers, their usage enhances the capability of 
the language to manipulate data. Dynamic memory allocation is a programming concept wherein the use 
of pointers becomes indispensable- For instance, to read the marks of a set of students and store them 
for processing, an array can be defined as follows: 
float m&rks [ 100] j 

But this method limits the maximum number of students (to 1 00), which must bo decided during the 
development of the program. On the other hand, by using dynamic allocation, the program can be 
designed so that the limit for the maximum number of students is restricted only by the amount of 
memory available in the system, The real power of C++ (of course C) lies in the proper use of pointers. 




main memory 

Figure BA : Primary memory organization 
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Memory is organized in the form of a sequence of by le- si zed (8 -bits per byte) locations or storage 
cells containing either program code or data. These bytes are numbered starting from zero onwards. 
The number associated with each cell (byte location) is known as its address or memory' location A 
pointer is an entity, which contains a memory' address. In effect, a pointer is a number, which spec i lies 
a location in memory. The key concepts and terminology associated with memory organization are the 
following: 

# Each byte in the memory is associated with a unique address. 

# An address is a sequence of binary digits (0 or I ) of fixed length, used for labeling a byte in the 
memory 

# Address is a positive integer ranging from 0 to maximum addressing capability of the microprocessor 
(for instance, 8086 processor has 20- address lines and hence, it can address upto 2 K locations: 1 MB). 

# Every element (data or program code) that is loaded into memory is associated with a valid range of 
addresses, i.e., each variable and function in the program starts at a particular location and spans 
across consecutive addresses from that point onwards depending upon the size of the data item. 

+■ The number of bytes accessed by a pointer depends on the data type of an item to which it is a pointer. 

The address stored in a pointer variable can be relative or absolute. Most of the modem systems use 
the relative addressing mode to access memory, by default. In relative addressing mode, an address 
consists of two components: the base (or the segment) and the offset address. The base or segment 
address designates a specific region of memory, and the offset specifies the distance of the desired 
memory location from the beginning of the segment. The effective address is computed by combining 
both the segment and offset values. In absolute mode, the address stored in a pointer is itself the 
effective address, and hence, memory can be directly accessed using this address. Note that* relative 
addressing requires mapping of logical address (offset) to physical address. 

It is not always necessary to be aware of the segments and offsets while programming in C++, 
unless the pointer is used to hold the address of any device specific information. For instance, in IBM- 
PC and its compatibles, the display memory is located at the segment and offset value, Oxbaoo : 0000. 
(The display memory address changes from one video mode to another.) 

9.2 Pointers and their Binding 

Pointer is defined as a variable used to store memory addresses. It is similar to any other variable and 
has to be defined before using it, to hold an address. Just like, an integer variable can hold only integers, 
each pointer variable can hold only pointer to a specific data type such as int, char, float, double, 
etc., or any user defined data type). 

The allocation of memory space for data structure (storage) during the course or program execution 
is cal led dynamic memory allocation. Dynamic variables so created can only be accessed with pointers. 
Thus, pointers offer tremendous flexibility in the creation of dynamic variables, accessing and manipu^ 
la ting the contents of memory' location and releasing the memory occupied by the dynamic variables, 
which are no longer needed. (A more detailed account of dynamic memory allocation and de-allocation 
is discussed in the later sections of this chapter.) The usage of the pointer is essential in the following 
situations: 

# Accessing array elements. 

# Passing arguments to functions by address when modification of formal arguments arc to be 
reflected on actual arguments. 
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* Passing arrays and strings lo functions. 

* Creating data structures such as linked lists, trees, graphs, etc. 

* Obtaining memory from the system dynamically. 

9.3 Address Operator & 

All the variables defined in a program (including pointer variables) reside at specific addresses. It is 
possible to obtain the address of a program variable by using the address operator & (ampersand). 
When used as a prefix to the variable name, the & operator returns the address of that variable. The 
program getaddr , cpp illustrates the use of the i fe operator, 

// gutaddr.cppc: use of 1 & ' operator to access address 
# include <iostream.h> 
void main f ) 

C 

// define and initialize three integer variables 
int a = 100; 
int b - 200; 
int c = 300; 

// print the address and contents of the above variables 

cout << * Address * « Sea << * contains value " « a « end!; 

cout << "Address ■ << Stb « M contains value ■ << b << endl? 

cout « "Address * « fcc M contains value ■ « c « endl ; 

} 

Run 

Address 0xfff4 contains value 100 
Address 0xfff2 contains value 200 
Address OxfffO contains value 300 

In main I ) , the statement 

cout << "Address " << &a << contains value ■ << a « endl; 
displays the address and contents of the variable a. The expression &a returns the address of the 
variable a. It should, however, be noted that the addresses primed by the above program, depend on 
the current configuration of a system. This is because the memory occupied by the program’ s variables 
depend on several factors such as memory management scheme, memory model, and the current status 
of the memory contents. 

The output shows the addresses of the variables in hexadecimal notation, and they are in the 
decreasing order. From this, it is evident that alt automatic variables are created in the program !s 
stuck area and that the stack always grows from a higher to a lower memory address. Further, each of 
the addresses differ from others by exactly two bytes, since integer variables are allocated 2 bytes of 
memory. The si zeof ( ) operator can be used to determine the number of bytes al located to each type 
of variable. The integer is the fundamental data type and hence its size depends on the processor word 
size, compiler, and operating system memory manager. For instance, the size of an integer data type in 
MS-DOS based machines is two bytes, whereas in UNIX based machines it is four bytes. 

Sufficient care must be taken to avoid any kind of confusion between the following: 

* unary address operator & which precedes a variable name. 

♦ binary logical operator & which performs a bit-wise AND operation. 
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Figure 9.3: Pointers binding and dereferencing 

Consider the statement 

int_ptr = fcmarksr 

it stores the address of the variable marks in the pointer variable int_ptr. The contents of the 
variable marks can be displayed using the following statement: 
cout << * int_ptr; 

Effectively, the above statement achieves the same result as the statement 
cout << marks ^ 

Thus, accessing information using pointers is called indirect addressing, It refers to accessing informa- 
tion, whose address is stored in a special type of variable* which is a pointer variable, 



Copyrighted material 






Chapter 9: Pointers and Runtime Binding 



271 



The contents of memory locations can be modified by using a pointer variable as follows: 
*int_ptr m 25 1 

It assigns the value 2 5 to the memory location pointed to by the variable int_ptr. The contents of 
the memory location can be read by using the pointer variable as follows: 
a = *int_ptr; 

It assigns the contents of the memory location pointed to by the address stored in the variable int_ptr 
to the variable a of type integer. The program initptr .cpp illustrates the mechanism of pointer 
variable definition, binding and dereferencing. 



// irlitptr. Cpp: pointer (address variables) usage demonstration 
♦include <iostream.h> 
void main (} 



int *iptr; 
int varl r var2; 
varl = 10; 
var2 = 20; 
iptr = &var 1 ; 
cout « 'Address 
iptr = &var2; 
cout<< M \nAddress 
*iptr * 12 5; 
varl * *iptr + 1; 



// pointer to integer, figure 9 .4a 
// two integer variables, figure 3* 4b 
// figure 9 . 4c 
// figure 9 . 4d 
// figure 9 .4e 

and contents of varl is H << iptr «. * and 
// figure 9.4f 

and contents of var2 is * << iptr « * and 
// figure 9 . 4g 
// figure 9 . 4h 



} 



<< *iptr; 
<< *iptr; 



Bw 

Address and contents of varl is Oxlf Baf £f4 and 10 
Address and contents of var2 is Oxlf Baf ff2 and 20 



In main O • the first statement 
int *iptr ; 

specifies that iptr is a pointer to an integer. The asterisk prefixed to the variable name specifies that 
iptr is a pointer variable, The data type int specifies that iptr can point to any integer type item(s) 
stored in the main memory. The statement 

int *iptr; // pointer to integer, figure 9.4a 

could also be written a s 
int* iptr; 

It makes no difference as far as the compiler is concerned. But them are certain advantages in following 
the former convention (i.e., placing the * closer to the variable name). The compiler always associates 
the * with the pointer variable name rather than the data type* thus allowing both pointer variable type 
and non-pointer variable of a particular data type to be defined in a single definition. Thus* the following 
statements 

int * iptr ; // pointer to integer, figure 9.4a 

int varl, var2; // two integer variables, figure 9.4b 
are ■ alid. They can also be written in a single equivalent statement as follows: 
int *iptr, varl, var2; 
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An asterisk must be prefixed to the name of each pointer variable to define multiple pointers using 
a single statement. For instance* the statement, 
float *fl, *t2 t * f 3 ; 
defines f 1, f2, and f 3 as pointers to float variables. 

The program initptr ,cpp has highlighted the following important facts about pointers: 

* The asterisk {*) used as an indirection operator has a different meaning from the asterisk used 
while defining pointer variables. 

+ Indirection allows the contents of a variable to be accessed and manipulated without using the 
name of the variable. 




(b) int varl r var2; (c) varl - 10; (d) v&r2 - 20; 




(g) *iptr » 125; (h) varl - *iptr + 1; 



Figure 9,4: Dereferencing of pointers 

All variables that can be accessed directly (by their names) can also he accessed indirectly by 
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© 
main ( ) 




swap ( > 



1310 

1312 



h - 10,5- - 



h - 20.9 - H 



a 

b 



Figure 9.5: Data addressing in different perspectives 

In swap { ) , accessing contents of the memory location pointed to by the variable pa. actually 
accesses the contents of the variable a. Similarly, accessing the contents of the memory location 
pointed to by the variable pb actually access the contents of the variable b. Hence, swapping the 
contents of memory using pointer variables pa and pb along with the indirection operator will in fact 
exchange the contents of the actual parameters a and b (passed by caller) as shown in Figure 9.6. 

9.5 Void Pointers 

Pointers defined to be of a specific data type cannot hold the address of some other type of variable i.c., 
it is syntactically incorrect in C++ to assign the address of (say ) an integer variable to a pointer of type 
float. Consider the following definitions 

float *£_ptr; // pointer to float 
int my_int; // integer variable 

The assignment of incompatible variable address to a pointer variable in a statement such as 
f ptr = 

results in compilation error. Such type-compatibility problems can be overcome by using a general- 
purpose pointer type called void pointer. The formal for declaring a void pointer is as follows: 
void *v_ptr; // define a pointer to void 
It uses the reserved word void for specifying the type of the pointer. Pointers defined in this 

manner do not have any type associated with them and can hold the address of any type of variable. 

The following are some valid C++ statements: 
void *vd_j?tr ; 
int *it_ptr: 
int invar; 
char chvar ; 
float flvar; 

vd_ptr - kinvar; // valid 

vd_ptr - kchvar: // valid 
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vd_ptr = &flvar; // valid 
i t_ptr = •& invar; // valid 
The following arc some invalid statements: 
it ptr - -fitchvar* // invalid 
i t _p tr = St f Iva r % H inva I i d 



swap { ;■ 




(a) swapE&a, &fo) 



swap { ) 




swap { ) 




swap ( ) 




(C) *"pa = *pb ; (d) *pb = temp; 

Figure 9.6; Swapping of two numbers. 

Pointers to void cannot be directly dereferenced iike other pointer variables using the indirection 
operator . Prior to dereferencing a pointer to void, it must be suitably typecasted to the required data 
type. The program voidpt r , epp illustrates the typecasting of void pointers while accessing memory 
locations pointed to by them, 

// voidptr.cpp: the use of void pointers to hold pointer of any type 
iinclude <iostream.h> 
void mainO 
t 

int il = 100 ; // define and initialise int il to 100 
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float fl ~ 200,5; // define and initialize float fl to 200,50 

void *vptr ; // define pointer to void 

vptr = fcilr // pointer assignment 

tout << 11 il contains * << # Mint * ) vptr) « endl; 

vptr * fitfl? // pointer assignment 

cout << 41 fl contains ■ << •(( float *) vptr) # * 

) 

Run 

il contains 100 
fl contains 200.5 

The expression *{ { float* )vptr) in the statement 
cout « *fl contains 41 << *( (float *) vptr); 
displays the coments of the variable fl using a void pointer variable with typecasting. Figure 9.7 
indicates various components of the expression * ( (float* ) vptr) h When a function is designed 
to do similar operations on different data types* void pointers can be used to pass parameters to the 
function. 



pointer typecasting 



asting I I void 

\n V 



pointer 



*t (float *> vptr) 

Figure 9,7: Typecasting void pointer 



9.6 Pointer Arithmetic 

The size of the data type to which the pointer variable refers is the number of bytes of memory accessed 
when the pointer variable is dereferenced using the indirection operator. The number of bytes accessed 
by using a pointer depends on its type, but the size of the pointer variable remains the same irrespective 
of the data type to which it is pointing (see Table 9.1). The size of the pointer variable is large enough to 
hold the memory address. For example, when dereferenced (in a particular implementation of the C++ 
compi ler — on 1 6- bi l system )* 

* a pointer to an integer accesses 2 bytes of memory 

* a pointer to a char accesses 1 byte of memory 

* a pointer to a float accesses 4 bytes of memory 

* a pointer to a double accesses 8 bytes of memory 

The C++ language allows arithmetic operations to be performed on pointer variables. It is* however, 
the responsibility of the programmer to see that the result obtained by performing pointer arithmedc is 
the address of relevant and meaningful data. 

The arithmetic operators available for use with pointers can be classified as 

* Unary operators : ++ (increment) and — (decrement). 

* Binary operators : + (addition) and - (subtraction). 
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Data ty pe 


Data size 


Pointer type 


near 


far 


char 


1 


2 


4 


short 


2 


2 


4 


int 


2 

(16-bit compiler) 

4 

(31-bit compiler) 


2 


4 


long 


4 


2 


4 


float 


4 


2 


4 


double 


8 


2 


4 



Table 9,1 : S&e of data types and their pointers 



The following are some of the examples of pointer arithmetic: 



int a, b, *p„ *q; 

P = -q; 
p «n 1 ; 

P = P “ b; 

P = P - q; 
p = (int * } Ip - q) ; 

P - P * q “ a; 
p = lint *Mp - q) - a; 
P * P + a; 

P-P + qr 

p m p + q + a; 

P = P * Qi 
p s p * a ; 

p s p / q? 

p - p / bi 
P = a / Pt 
a * * p * * q; 



// Illegal use of pointer 

// Illegal use of pointer 

// Valid 

if Invalidt Nonportable pointer conversion 
// Valid 

// Invalid: Nonportable pointer conversion 
// Valid 
// Va 1 id 

// Invalid pointer addition 
// Invalid pointer addition 
if Illegal use of pointer 

// Illegal use of pointer 

// Illegal use of pointer 

// Illegal use of pointer 

// Illegal use of pointer 

// Valid and it is same as a w f*p) * |*q) ; 



The C++ compiler takes into account the size of the data type being pointed, while performing 
arithmetic operations on a pointer For example, if a pointer to an integer is incremented using the ++ 
operator (preceding or succeeding the pointer), then the initial address contained in the pointer is 
incremented by two and not one, assuming that an integer occupies two bytes in memory. Similarly, 
incrementing a pointer to float causes the initial address contained in the float pointer to be actually 
incremented by 4 and not 1 (if the size of the float variable is 4 on the machine). In general* a pointer to 
some type, d_type (where d_type can be primitive or user defined data type), when incremented by 
an integral value i, has the following effect: 

(current address In pointer) + i * sizeof (d_type ) 
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pointer arithmetic cannot he performed on void pointers without typecasting, since they have no type 
.associated with them. 

The dements of an array can be efficiently accessed by using a pointer The program ptrarrl * epp 
illustrates the use of pointer holding the address of arrays and pointer arithmetic in manipulating large 
amount of data stored in sequence. 

// ptrarrl. epp: smallest in an array of 'n 1 elements using pointers 
# include <iostream.h> 
veld main t ) 

{ 

int i,n # small j *ptr r a f 50 ] ; 
coat « ™Size of the array ? ’ ; 
cin >> n; 

cout « "Array elements 7 \ n ■ ; 
for ii = 0; i < n; i ++J 
cin » a [ i ] ; 

>f assign address of a[GJ to pointer *ptr' * This can be done in two 
/ / way : 1 „ ptr = &a [ 0 ] ; 2 . ptr = a ; 

ptr = a i 

// contents of a [01 assigned to small 
small = *ptr ; 

// pointer points to next element in the array i , e . , a[l] 
ptr++ ; 

// loop n-X times to search for smallest element in the array 
for (1*1; i < n? i + + ) 
i 

if (small > *ptr) 
small = *ptr; 

ptr++; // pointer is incremented to point to ali+l] 

} 

cout << "Smallest element is H « small? 

} 

Run 

Size of the array ? £ 

Array elements ? 

4 2 £ i 2 

Smallest element is 1 

In main | ) , Lhe statement 
ptr = a; 

assigns the address of the 0 th dement of the array to the integer pointer ptr. Hence, the statement 
small = *ptr; 

effectively assigns the valise of a[0] to the variable small. When ptr is incremented, the value 
stored in ptr is incremented by s i zoo f ( int ) (i.e., = 2 in DOS and = 4 in UNIX) to point to the next 
element of the array. 

It is interesting to note that the name of the array represents the starling address of the array i.e.. it 
is the address of the first element in the array. Hence, the expression a [ 1 ) can also be re presented by 
the expression * ( a+ i ) . 
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9.7 Runtime Memory Management 

C++ provides two special operators new and delete to perform memory allocation and deallocation 
at runtime respectively. These operators with their syntax and suilabte examples arc already discussed 
m the earlier chapter on Moving from C to C+ + . An additional discussion on new operator follows: 

The new operator must always be supplied with a data type in place of type -name. Items sur- 
rounded by angle brackets are optional. The syntax of new operator is as follows: 

<::> new <new— args> type-name < ( ini t iali zer ) > 

<::> new <new-args> (type-name) <( initialiser ) > 

The components present in the syntax has the following meaning: 

* t z operator, invokes the global version oT new. 

* new-args can be used to supply additional arguments to new. It is used when the program has an 
overloaded version of new that matches the optional arguments. 

♦ initializer, if present, is used to initialize the memory. 

A request for non-array allocation uses (he appropriate operator new f J function. Any request for 
array allocation will call the appropriate operator new [ J (J function. Selection of the operator is done 
as follows: 

♦ By default, the operator new [ ] { ) calls the operator new( ) 

♦ If a class Type, has an overloaded version of operator new[ ] ( ) , arrays of Type will he allocated 
Using Type i : operator new [JO 

+ If a class Type has an overloaded version of new and it is not the array allocation operator new [ ] ( ) * 
then the arrays of Type will he allocated using Type: : operator newt ) 

* If none of the above cases apply, the global : : operator newt ) is used. 

More details on dynamic objects is discussed in later chapters. 

Handling Errors for the new Operator 

The new operator offers dynamic storage allocution similar to the standard library function ma Hoc. It 
is particularly designed keeping 00 Ps in mind and throws an exception if the allocation fails. For more 
details on handling exceptions raised by the new operator, refer to the chapter on Exception Handling. 

The user can define a function to be invoked when the new operator fails. The new operator can be 
informed about the new-handier function, by using set_new_handler O and pass a pointer to (he 
new-handier. The new operator can be configured to return NULL on failure as follows: 
s et_new_ handler (0) . 

It sets the handler to NULL so that the new operator returns NULL when it fails to allocate the requested 
amount of memory and thus exhibiting the behavior of the standard function malloc ( ) . The program 
newhand. epp illustrates the mechanism of handling the failure of memory allocation. 

// newhand.cpp: new operator irifeinory allocation test 
# include <iostreain . h> 

# include <process.h> 

# include <new + h> 
void main (void) 

{ 
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cout « ^ptriptr is pointing to 41 << **ptriptr « endl ■ 

1 

Run 

The variable ’data' contains 100 
The variable 'data' contains 200 
ptriptr is pointing to 300 

In mairiO, the statement 
int ptriptr; 

creates a pointer variable which holds a pointer to another pointer variable. The statement 
ptriptr = kiptr; 

assigns address of the pointer variable iptr to ptriptr. The value pointed by iptr can also he 
accessed by ptriptr as follows: 

**ptriptr 

The expression **ptriptr effectively accesses the contents of the variable data. The various opera- 
tions on the pointer to a pointer are shown in Figure 9.8. 




(C) int data; W iptr ■ fcdata f 



ptriptr 





Figure 9.8: Pointers to pointer and dereferencing 
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An array of pointers is useful for holding a pointer to a list of strings. They can be utilized in 
implementing algorithms involving excessive data movements. It is a traditional style to sort data, by 
data movement. This method of sorting incurs much overhead in terms of both the time and space 
complexity, as it requires temporary space for exchanging the data between the records and has exces- 
si ve data movement. This is especially true if the size of the data being sorted is large. Pointers can be 
utilized to perform the same with much flexibility and less overhead, In this method, instead of data 
exchange, pointers are exchanged to accomplish the same task. The program sor tper . c illustrates a 
method of sorting data without swapping their contents, 

/ / SOrtptr,epp: sorting o£ strings by pointer movement 
# include <iostream . h> 

#include <string.h> 

// bubble sort algorithm based sorting function. It speeds up sorting 
// by exchanging the pointers instead of heavy data movement 
void SortByPtrExchange ! char ** person, int n ) 

{ 

int i, j , flag; 
char * temp ; 

fori i = 0; i < n-1; i++ ) // for i = 0 to n-2 

( 

flag = 1; 

for! i — 0; j < [n-l-i) ; j++ } // for j - § to (n-i-2) 

{ 

if! strempf persontj], person! j+l] ) > 0 ) 

t 

flag =0; // still not sorted and requires next iteration 

if exchange pointers 

temp = person [ j ) ; 

person! jl = person [ j -i-H ; 

persontj+IJ = temp; 

J 

) 

if! flag ) 

break; // data are in sorted order now; no need of next iteration 

) 

) 

void main! ) 

[ 

int i, n - 0: 
char *person [100 1 ? 
char choice; 
do 
{ 

person [n] - new charI4Ql; if allocate space for a string 

cout « " Enter Name: ■? 

cin » person [n++l; 

cout « “Enter another (y/n) ? * ; 

cin >> choice; 

} while! choice == 'y' ); 
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for ( int j s G; j < 3 ; j++ ) 
cout « clij[j J « - - ? 
cout << endl ; 

} 

> 

void main ( ) 

{ 

int c [2 ] [31*{U,2,3}, (4,5, .6}); 
show [ c , 2); 

} 

Run 

12 3 

4 5 6 

In show () , the statement 
int {*c} [ 3 J ; 

defines a pointer to an array of three elements. It is useful for processing two dimensional array param- 
eter dec Jared with unknown number of rows. The statement 
c - a; 

assigns the address of a two dimensional array having three columns. The variable c allows to access 
all the array elements in the same way as a matrix. It allows pointer increment operations such as 
C++ ; or ++c; 

It increments pointer by 3*sizeof {int ) , 

9.1 0 Dynamic Multi-dimensional Arrays 

Pointers permit the creation of multi-dimensional arrays dynamically so that the amount of memory 
required by the array can be determined at runtime depending on the problem size, A two dimensional 
array can be thought of as a collection of a number of one dimensional arrays each representing a row. 
The 2D array is stored in memory in the row major form and it can be created dynamically using the 
following steps: 

1 . Define a pointer to pointers matrix variable: int **p; 

2. Allocate memory for storing pointers to all rows of a matrix: 

p = new int * [ row ] ; 

3. Allocate memory for all column elements: 

fort int i =* 0; i < row; i++ ) 
p[il = new int | col 1; 

The model of a dynamic matrix is shown in Figure 9. 1 0, It is possible to access the two dimensional 
array elements using pointers in the same way as the one-dimensional array. Each row of the two 
dimensional array is treated as one dimensional array. The name of the array indicates the starting 
address of the array. The expressions arrayname [ i J and tarr&yname+i) point to the i th row of 
the array. Therefore, * ( arrayname# i 1 + j points to the j th element in the i tb row of the array. The 
subscript j actually acts as an offset to the base address of the i th row. The two dimensional dynamic 
matrix elements can also be accessed by using the notation a [ i ] I j 1 . 
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cout « "Matrix C = A * B • ■**; 

Mat Show i c i ft, q ) r 

1 

Run 

Enter Matrix A details. * * 

How many rows ? 2 
How many columns ? 2 
Matrix [0, 0 ] = ? 1 
Matrix 10,1] ~ ? 1 
Matrix! 1,0] = ? 2, 

Matrix (1,1] = ? 1 
Matrix [2 , 0 ] = 7 X 
Matrix [2,1] = ? 1 
Enter Matrix B details. , * 

How many rows ? 2 
How many columns ? 2 
Matrix ( 0,0) = U 
Matrix 10,1) =71 
Matrix[0, 2] ■ ? 1 
Matrix [1,0] = ? 1 
Matrix [1, 11 = ? 1 
Matrix [1,21 * ? 1 
Matrix C = A * B 
2 2 2 
2 2 2 
2 2 2 

Three-dimensional Array 

A three dimensional array can be thought of as an array of two dimensional arrays. Each element of a 
three dimensional array is accessed using three subscripts, one for each dimension. 

As usual, the array name points to the base address of the three dimensional array. The array name 
with a single subscript i contains the base address of the i th two-dimensional array. Hence 
arrayname(i) or (arrayname+i ) is the address of the i th two dimensional array. The expres- 
sion arrayname [ i! f j ) or * tarrayname+i ) + j represents the base address of the j tR row in 
the i tfl two dimensional array. Similarly, the expression * ( * <arrayname+j ) +k> points to the k tJ1 
element in the j fc!fl row in the i th two dimensional array. The program 3ptr.cpp illustrates these 
concepts, 

/ / 3ptr.cpp: pointer to 3 -dimensional arrays 
# include <iostream.h> 
void mainO 
{ 

int orr[2] [3] [2] ={ ( {2 , 1} f (3 , 6 } , {5 , 3 } > , { { 0 , 9 } , { 2 , 3 } , ( 5 , 8 } } } $ 
cout << arr « endl ; 
cout << *arr << endl; 
cout << **arr « endl; 
cout << ***arr << endl; 
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cout <<: arr+1 << endl; 
cout << *arr+l « endl ; 
cout << **arr+l << endl ; 
cout « + * F arr+l << endl ; 
f or ( int 1=0; i < 2 ; i++ } 

{ 

for ( int j = 0 ; j < 3; j++ ) 

{ 

f or ( int k=0 ; k < 2; k++ ) 
f 

cout << F arrl* << a << ■][■ << j << “3[* << k << 
cout « * ( * ( * (arr+i ) + j } +k} << endl; 

) 

} 

) 

} 

Run 

OxffbS 

oxffba 

OxffbS 

2 

0xffc4 
Oxf fbc 
Oxffba 
3 

arr ( 0 J (0)10) ® 2 
arr[01 [0) [1 J - 1 
arr(01 (1 J [0j » 3 
arrlOl [1 J [1] = 6 
arrlOl [21 [0] = 5 
arr [01 [21 [11 = 3 
arr [11 [0] [0J = 0 
arr [ 1] [0] [1] * 9 
arr [ 1] [1] [0] ^ 2 
arr [ 1] [1] [1] = 3 
arr [11 [2] [0] = 5 
arr I 1] [21 [11 * B 



The array arr will be Stored in memory as shown in Figure 9.1 L In the above program, the array 
name arr is the base address of the three dimensional array. The expression *arr is the base address 
of the 0 th two dimensional array, **arr is the 0 th row in the 0^ two dimensional array and ***arr 
contains the value stored in the 0 th column and 0 th row of the 0 th two dimensional array. The expression 
arr+1 is the base address of the l s ‘ two dimensional array, * arr+1 is the address of the 1* E row in 
the 0 th two dimensional array, ** arr+1 gives the address of 0 121 row and l at column of a zero dimen- 
sional array, ***arr+l adds I to its current value (2) obtained from the 0 th element in the 0 tls row of 
the 0 th two dimensional array. The expression within the for loop prints the contents of the three 
dimensional array in the order in which they are stored in memory. 
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(aj Three dimensional array 



■ Zerolh 2-d array - 



First 2-d array 



S M 1 



0 


0 


0 


3 


0 


9 


a 


h 


5 


8 



t 

OxffbS 



t 

0xffc4 



(b) Memory organisation lor 3-D array 



Figure 9,1 1 : Pointer to 3~dimensionel arrays 



9.11 Pointer Constants 

As mentioned earlier, the name of an aiTay holds the starting address of the anay. Hence if arr [3 ] is 
an array of any data type, then the name of the array arr is the address of (and docs not point to) the 
0 th element of the array and arr+1 is the address of the l at element of the array. If arr is a pointer, 
then arr + i cannot be replaced by an expression arr++ executing i times. Using the increment 
operator with it (the name of the array) is incorrect as the starting address of the array has been placed 
in the code directly by the compiler, thus making the array name a constant. The array name does not 
have any storage location allocated unlike a pointer variable which itself has a storage location. Hence, 
performing an increment operation on the address of the array (which is a constant) is Uke performing 
the increment operation; 5 ++, which is meaningless. The program ptrinc.cpp illustrates these 
concepts. 

// ptrinc.cpp: pointers can be incremented but not an array 
# include <iostream.h> 
void main ( ) 

{ 

int la [ 3 ] = { 2, 5, 3 }; 
int *ptr=ia? 

fort int i = 0; i < 3; i++ ) 

( 

if cout « *lia++); error, array address of ia cannot be changed 
cout << * ■ << *ptr++? // note: pointer update 

) 

} 

Run 

2 S 9 

In the above program, the elements of the array are accessed using the pointer ptr which is 
assigned the starling address of the array ia< The pointer variable ptr is incremented every time to 
point to the next element. The expression ia+ + is incorrect 



9.12 Pointers and String Functions 

L*ke arrays, pointers holding address of strings are widely used for manipulating strings. C++*s library 
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or user defined functions can be used for manipulating strings. These functions assume the character 
\0 as the end-of-string indicator and hence, it is not considered as part of a string data. Therefore to 
store a string of length L t allocate (L.+1) bytes of memory. A pointer to the string is passed to these 
functions instead of the entire string, The program strfunc*cpp illustrates string manipulations 
using standard and user defined functions. 

// strfunc.cpp: user defined string processing functions 
# include <iostreaj*uh> 

#include <string,h> 

// user defined string processing functions prototype 

int my s t r 1 en { char *str ) ? 

void my_strcpy£ char *s2, char *sl )? 

void my„strcat { char *s2, char *sl }; 

int my_strcmp ( char *sl , char *s2 ) ; 

void main t ) 

£ 

char temp 11001, *sl, *s2 f *s3; 
cout « "Enter stringl: *; 
cin » tempi 

si = new chart strlen ( temp) +1 J? 
my_strcpy ( si, temp 
cout « "Enter string2 ; •; 
cin >> tempi 

s2 = new char[ strLen ( temp) +1 ]; 
my_strcpy ( s2 , temp ) ; 

cout « "Length of stringl: * << my_strlen{ si ) << endl; 
s3 = new char E strlen(sl) + my„strlen(s2) * 1 1; 
nty„strcpy( s3, si h 
my_s treat ( S3, s2 ) ; 

cout << ^Strings ' on concatenation;: " << s3 <c endl ; 

cout << "String comparison using * * - * « endl? 

cout c< w Library functions ** « stremp ( si, s2 ) << endl? 

cout « * User's function: * « my„strcnp{ si, s2 ) « endl? 

delete si? 

delete s2; 

delete s3; 

} 

int my_strlen £ char *str ) 

{ 

char *ptr = str? 

while( *ptr ! * '\Q' ) / { move ptr to end of string 

++ptr; 

return pfer-sfer ; // address of last character - starting address - length 

} 

void my_strcpy( char *s2, char *sl ) 

£ 

while £ *sl I- HO' ) 

*s2++ = *sl++; 

*s2 = '\0 # ? // copy end of string 

) 
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char far "cfarptr; / / defines a far pcs inter to char 
In the compact and large models, the dal a area can be more than 64 K but any single data structure Hike 
array or structure) should be smaller than 64 KB. For example, if an array is defined as int far 
*ary ? , then ary will have both a segment and an offset part* but when pointer arithmetic is done, only 
the offset pan is used and not the segment pan. If ary = 0x5437 s Oxf f f e and it is incremented 
then ary will become 0x5437:0x0000 i,e„ the offset part wraps around and the segment part 
remains unchanged, hence any single data structure should be less than 64 K. However, such limita- 
tions are overcome in other memory models such as huge. 



Memory 

model 


Segment 


Pointer 


Code 


Data 


Stack 


Code 


Data 


Tiny 


64 K 


near 


near 


Small 




64K 




near 


Medium 




64K 


far 


near 


Compact 




JMB 




far 


Large 


1MB 


1MB 


far 


far 


Huge 


1MB 


64K each 


64K each 


far 


far 



Table 9,3: Memory models 



C++ compilers in MS-DOS normally provide three specialized, predefined macros viz., mk_fp, 
FP_SEG, and FF_OFF for use with far and huge pointers. The MK_FF macro lakes two unsigned 
integer input arguments which are the segment and the offset addresses of the location to be accessed 
and returns a value that can be used to initialize afar or huge pointer variable. Here is an example for 
initializing a far pointer variable. 

char far *cptr ; // define a far pointer variable 

cptr - (char far *) MK_FP ( OxbSOO, 0x0000 

It causes the far pointer cptr to point to a byte which resides in segment 0xb800 (in hex) and 
at an offset 0x0000 (in hex) . Note that, the macro function MK_FF returns a far pointer to 
void which must be typecasted suitably before its use. 

The macros FP_SEG and fp_off require a far pointer as their only input argument, and they 
return the segment and offset parts of the address contained tn that far pointer. The three macros 
mentioned above become available by including the header file dos 

The program f arptr . epp defines a far pointer to a character, initializes it with an arbitrary 
address (say segment = OxbSOQ and offset- 0x0000), extracts and prints the segment and 
offset of the same pointer. It also prints the ASCII character residing at the address be 00 : 0000. 

/ / farptr.cpp: far pointers and related macros to access display memory 
# include <dos.h> 

* include <1 os cream. h> 
void mainO 

1 
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char ch ; 

char far *cptr; // define far pointer to character 
unsigned in t 3 eg_va 1 r off _va 1 : 

/ / initialize far pointer 

cptr = lehar far *> MK_FP f Oxb6GO, 0x0000 ) ; 

// fetch segment address from far pointer 
seg_val = F P_SEG (cptr) : 

«' t fetch offset address from far pointer 
off_val * FP_OFF ( cptr J ; 
ch - *cptr ; 

cout « “Character at 0x0000:0x0000 = * « ch << endl; 
cout << “Segment part of cptr = << hex << seg_val « end 1 ; 

cout « ‘'Offset part of cptr = ,H « hex << off_val « endl ; 

Run 

Character at QxtoS 00 : 0x0000 = S 
Segment part of cptr = bBOQ 
Offset part of cptr = 0 

Not#: The ASCII character printed by the above program will be the same as the first character on the 
top left comer of the monitor. Ii is because the address be 0 0 0 : 0 0 00 is a location in the video memory, 
which holds the- ASCII value of the character appearing in the top left corner in the text mode, 

9.14 Pointers to Functions 

A poi me r-lo- function can be defined to hold the starling address of a function, and the same can be 
used to invoke a function It is also possible to pass addresses of different functions at different times 
thus making the function more flexible and abstract. The syntax of defining a pointer to a function is 
shown in Figure 9. 1 2 + 

pointer to function 
— — \ 

RcturnType ( *PtrToFn) (arguments_if_any) ; 

Figure 9.12: Syntax of defining pointer to function 

The definition of a pointer to a function requires the function’s return type and the function’s 
argument list to be specified along with the pointer variable. It should be remembered that the function 
prototype or definition should be known before its address is assigned to a pointer 

Once a pointer to a function is defined, it can be used to point to any function which matches with 
the return type and the argument-list stated in the definition of the pointer to a function. Consider a 
statement such as 

int (*any_func) (int:, int) 

It defines the variable any_func as a pointer to a function. The variable any_f unc can point to any 
function that takes two integer arguments and returns a single integer value. For instance, it can pojnt 
to the following functions: 

int mini int a, int b )$ 
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int max ( int a, int b } t 

int add ( int x, int y } ; 

Address of a Function 

The address of a function can be obtained by just specifying the name of the function without the 
trailing parentheses. The following statements assign address of the functions to pointer to the 
function variable any_func since prototype of all of them is same: 

&ny_func = min; 
any_f unc - max; 
any_func = add; 

Invoking a Function using Pointers 

The syntax for invoking a function using a pointer to a fun e Li on is as follows: 

( *PtrToFn )(arg uments_if_any )/ 
or 

PtrToFn(arg uments_if_any } ; 

Consider the following pointer to functions 
int (*pfuncl) ( int ) ; 
float I*pfunc2) ( float, float ) ; 

ff these hold addresses of an appropriate function, the statements 

( *pfunel) ( 2 ) f 
C *pfunc2 ) ( 2.5, a ) ; 
pfuncl ( i } ; 

invoke functions pointed to by them. The parameters can be constants or variables. 

In the definition of pointers to functions, the pointer variable along with the symbol * plays the role 
of the function name. Hence, while invoking functions using pointers, the function name is replaced by 
the pointer variable. The program rfact . epp illustrates this concept. 

i / rfacLcpp: pointer to function and its use 
#inc!ude ciostream,h> 
long facM int num ) 

{ 

iff num =" - 0 ) 
return 1 r 
else 

return num * fact ( num - 1 > ; 

} 

void main ( void } 

C 

int n ; 

long ( *ptr fact) (int) ; // definition of pointer to function 

ptrf act = fact," / i address of function to pointer assignment 

cout « "Enter the number whose factorial is to be found: hl ; 
cm » n ; 

long fl = ( *ptr f act } {n } ; 

cout « ‘The factorial of w « u « m is ■ « fl << endl ; 

cout « M The factorial of B « n+1 << * is # << ptrfactln+1) « endl; 

> 
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Run 

Enter the number whose factorial is to be found: 

The factorial of 5 is 120 
The factorial of 6 is ?20 

In the above program, a pointer ptr fact is defined to point to a function which takes an integer 
argument and returns an integer value. Then the address of the function fact is assigned to the 
pointer ptr fact. The function fact computes the factorial of a given positive integer. The function 
fact is invoked using the pointer variable ptrfact. 

Recursive call to nuiint ) 

When an attempt is made to invoke main ( ) within a program* generally compilers generate an error 
message such as: 

cannot call main from within the program 
Because in C++, mainU cannot be invoked recursively; however it is compiler dependent. The 
following operations cannot be performed on main 0 ; 

* mainO cannot be invoked recursively. 

* main ( ) cannot be overloaded 

* mainO cannot be declared inline 

* main ( ) cannot be declared static 

The first restriction can be violated by using a pointer to functions. The program main, epp 
invokes main { ) recursively using a pointer to functions. 

// rniaiti.cpp: recursive call to main ( J using a pointer to functions 
# include <iostream. h> 
void main ( ) 

4 

void ( * p ) ( ) ; 
cout << M Hello,. . * i 
p = main? 
t*pl O ; 

> 

Run 

Hello. . .Hello, . .Hello* ♦ -Hello.* -Hello. ..Hello.. - .Hello. . .Hello. - -Hello- , .Hello. - . 

The above program generates Hello, . - message indefinite number of times, It stops when stack 
overflow occurs. In main(), the statements 
p = main; 
l*p) () ; 

assign the address of main to the pointer p and transfer control to main () using pointer to a function 
respectively, 

Passing Function Address 

The address of a function can be passed as an argument to functions, either by a function name or a 
pointer holding the address of a function. The program pass f n . epp illustrates these concepts. It 
takes two integer parameters and returns the largest and smallest among them. 
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passfn.cpp: passing pointer to function type parameters 
* include < ios cream. h> 

_ small: int a, int b . 

return a < b ? a ; b; 

int large ( int a r int b ) 

\ 

return a > b ? a : b; 

} 

int select! int (*fn) (int, int) , int st, int y ) 

int value = f n ( x, y ) ; 
return value; 

void maim void ) 

int m, n; 

int £*ptrf)(int f int); // definition of pointer to function 
cout << "Enter two integers: w 

cin >> m >> n; 

int high = select ( large, m, n ) ; // function as parameter 

ptrf = small; 

int low - select { ptrf, m, n ) ; // pointer to function as parameter 

cout << "Large = “ << high << endl; 
cout < < "Small = " << low; 



Run 

Enter two integers: JJQ. 2SI 
Large - 20 
Small - 10 

In the above program, the function declarator 

int select! int (*fn) (int, int), int x, int y } 
indicates that it takes the pointer to a function as the first parameter and the remaining two integer 
parameters. In main ( ) , the statement 

int high - select ( large, m, n ) ; // function as parameter 

passes the address of the function large { ) and two integer variables as actual parameters. The 
pointer to the function parameter large operates on the last two parameters m and n and returns an 
integer result. Similarly* the statement 

int low = select ( ptrf, m, n } j // pointer to function as parameter 
passes a pointer to a function variable ptrf (note that, ptrf is initialized to the address of small ( > ). 
Such a mechanism is useful in selecting the type of operation to be performed at runtime. 

9.'j 6 Pointers to Constant Objects 

Consider the statement 

const int* pi; // it i$ the same as: int const * pi; 
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It defines pi as a pointer lo a constant integer Lei pi be initialized by the statement 
int it 2 0 J; 
pi = i; 

Le + * *pi would refer to the integer i E 0 1 . Due to the definition of pi (which, as mentioned above, is 
const int* pi;j. statements such as 

*p i = 10 1 or even pi [ 10 ] = 20? 

are invalid, It results in compile time errors. But pi itself can be changed, i.e , a statement such as 
pi++; 

is perfectly valid. Such pointers can be used as character pointers, when the poimer has to be passed 
to a function for printing. It is a good practice to code such a f unction for instance, print ( J as 
follows: 

void pi int ( const char* scr ) 

f 

cout << str; 

) 

It accepts a const char * (pointer to constant character). The string being pointed to cannot be 
modified. This is a safety measure, since it avoids accidental modification of the string passed to the 
function, In the function, the pointer str can be changed and a statement such as 
str++ ?. 

is valid. But this does not affect the calling procedure, since the pointer is passed by value. 

9.17 Constant Pointers 

The statement 

int* const pi - if 

defines a constant pointer to an integer (assume that i is an integer array). In this case, the use of a 
statement such as 

*pl s IQ; 

is perfectly valid, but others that modify the pointer, such as 
pi ++ ; 

are invalid and result in compile time errors, 

A poimer definition such as 

const int* const pi = ij 

will disallow arty modifications topi or the integer to which pi is referencing. (Assume as before that 
i is an integer array). 

9.1 8 Pointer to Structures 

A pointer can also hold the address of user defined data types such as structures, Similar to pointers to 
standard data types, pointers to user defined data types can be initialized with address of statically or 
dynamically created data items. Note that in C++, structures can combine both the data and functions 
operating on it into a single unit. Both the data and function members of structure are accessed in the 
same way. The syntax for defining pointer to structures is shown in Figure 9.13. 
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name of the siruct ure pointer to structure 



Struc tureName *ptrl * * . . t 



Figure 9.13: Syntai of defining pointer to structure 

The syntax for accessing members of a structure using a structure pointer is as follows: 
StructPzrVar- >MemberName; 

The symbol -> is called the arrow operator. ( The dot operator connects a structure with a member of 
the structure; the arrow operator connects a pointer with a member of the structure). The program 
bdate . epp illustrates the mechanism of creating user defined data type variables dynamically. 

// bdate+epp: displaying birth date of the authors 
# include <iostream . h> 
struct date 

{ //specifies a structure 

int day; 
int month; 
int year; 
void show ( I 
{ 

cout << day << ■-* « month << " - " << year << endl; 

) 

}i 

void read! date *dp ) 

C 

cout << "Enter day: “ ; 

cin >> dp->day ; 

cout << "Enter month: " ; 

cin » dp->month; 

cout << "Enter year: " ; 

cin » dp- > year; 

I 

void mainO 

( 

date dl , *dpl , *dp2 j 

cout << "Enter birth date of boy, . , 1 « endl; 
read ( &dl } ; 

// read date2 

dp 2 s new date; // allocate memory dynamically 
cout "Enter birth date of girl*.*" << endl; 
read i dp2 > ; 

cout <* "Birth date of boy: *; 

dpi = &dl; // dpi points to statically allocated structure 

dpl->showU j 

'out << “Birth date of girl: * ; 
aj 2 = ^show ( ) ; 
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delete dp 2 <- // release memory 

J 

Rtm 

Enter birth date of boy. . . 

Enter day: 14 

Enter month: 1 

Enter year: 21 

Enter birth date of girl.*. 

Enter day: 1 

Enter month: 4 

Enter year: 12 

Birth date of boy: 14-4-71 

Birth date of girl: 1-4-72 

In main { h the statement 

date dl, *dpl , *dp2; 

creates variable dl and two pointers of type structure date. The statement, 
dp2 = new date; // allocate memory dynamically 
creates the structure date type item dynamically and stores its address in a pointer variable dp 2. The 
statement 

dpi * &dlj if dpi points to statically allocated structure 

assigns the address of statically created variable dl to the pointer variable dpi. The statement, 
dpl->show ( ) ; 

accesses the member function show ( J of date using the pointer variable dpi. The statement 
delete dp2i 

releases the memory allocated to the pointer variable dp 2, 

Arithmetic Operations on Pointer to structures 

Consider the statement 
data *dl; 

It defines the pointer variable dl to the structure date. The statement 
++dl->day ; 

increments the contents of the member variable day and not dL However, the statement 
( ++dl } ->day ; 

increments dl firs l, and then accesses day. The statement 
dl++->day; 

increments dl after accessing the member variable day. The statement 
dl + + ; or + + dl; 

increments dl by sizeof (dat€) . 

Self Referential Structure 

A structure having references to itself is called a self- referential structure. It is useful for implementing 
oat a structures such as linked list* trees, etc. A linked list consists of structures related to each other 
ihrough pointers. The self referential pointer in the structure points to the next node of a list. The 
organization of a linked list is shown in Figure 9, 1 4. 
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Run 



List operation, 1- 



List contents: ->3->7->5 
List operation, 1- Insert 
Enter data for node to be 
List operation, 1- Insert 
List contents: ->3->5 
List operation, 1- Insert 
End of Linked List Computation l ! 



program* . * 

, 2 -Display, 


3-Delete, 


4-Quit 


created: 
t 2-Display, 


3-Delete, 


4-Quit 


created: J_ 

, 2 -Display, 
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4-Quit 
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i 2 -Display, 


3-Delete, 


4-Qtrit 


, 2 -Display t 


3-Delete, 


4-Quit 


delete: 2 
, 2-Display, 


3 -Delete, 


4-Quit 


, 2-Display, 


3-Delete, 


4-Quit 
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1 

1 

1 
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1 

£ 



In main ( ) t the statement 

list = InsertNode ( data, list ); 

takes an integer type data and a pointer to the first node as input parameters* It returns a pointer to the 
updated linked list. Initially, the second parameter has to be set to NULL indicating a empty linked list. 

The statement 

list,* DeleteNodet data, list ) ; 

deletes a node which matches with the parameter data and returns the address of the first node in the 
linked list to the pointer list. The statement 
DisplayList( list ) ; 

prints the data information contents of a linked list on the console. 



9.19 Wild Pointers 

Pointers have to be handled very carefully since, issues associated with them are confusing Especially, 
the scope and extent of a data object, to which a pointer is pointing to is a crucial aspect Pointers exhibit 
wild behavior if these crucial issues are not taken into consideration while accessing data, A pointer 
becomes a wild pointer when it is pointing to an unallocated memory or when it is pointing to a data 
item whose memory is already released. Side effects of such pointers are creation of garbage memory 
and dangling reference. The memory becomes garbage memory when a pointer pointing to a memory 
object (data item) is lost; i.e., it indicates that the memory item continues to exist, but the pointer to it is 
lost; it happens when memory is not released explicitly. A memory access using a pointer is known as 
dangling reference when a pointer to the memory item continues to exist, but memory allocated to thai 
item is released; t.e., accessing memory object, for which no memory is allocated. Pointers become wild 
pointers under the following situations: 

* When a pointer is uninitialized 

* Pointer modification 

* Pointer referencing to a data which is destroyed 

(1) When pointer is uninitialized: It contains an illegal address and it is difficult to predict the outcome 
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of a program. For instance, in the definition 
lilt *p; 

it is impossible to predict which integer value the pointer p is pointing to. The pointer wildl + cpp 
illustrates accessing data through the uninitialized variables. 

// wildl „cpp: accessing uninitialised pointer 
# inc 1 ude < 1 os t r earn . h> 
void m&inO 
{ 

int *p; // pointer is uninitialized 

for ( int i - 0; i < 10 f i++ ) 

cout « pfil « M “i // accessing uninitialized pointer 

} 

Run (under MS-DOS) 

§ 21838 19532 17184 17736 19267 0 14 0 -1 
Run (under UNIX) 

-2130509557 73728 8192 0 105384 8224 0 0 -1139793920 -80506873 

It can be observed that, the output generated by the program is different from system to system. The 
use of a statement such as 
p[l) = 10; 

might modify some sensitive data pertaining to a system leading to corruption of the whole system or 
the program may behave erratically. Under UNIX system , such errors will lead to segment violation error 
as illustrated in the program wild2 . cpp. 

// wild2.cpp: assigning data using uninitialized pointers 
# include c las tr earn. h> 

# include *string.h> 
void main Cl 
{ 

char *'name ; 

strepyf name, "Savithri * ) ; // assigning without memory allocation 

cout << name? 

I 

Run (under MS-DOS) 

Sevithri Null pointer assignment 

Run (under UNIX) 

Segmentation fault (core dumped) 

In main M + the statement 

strepyt name, "Savithri * ) ; 

assigns the string " Savithr i " to a pointer to string, for which memory is not allocated. From the 
output, it can be noted that, in the UNIX environment the program immediately terminates by core 
dumping when such a situation is detected. Hence, use a statement such as 
na™.e - new chart 10 ); 
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to avoid such runtime errors before trying to store anything in the memory, 

(2) Pointer modification: The inadvertent storage of a new address in a pointer variable is referred to as 
pointer modification. This situation will occur when some other wild pointer modifies the address of a 
valid pointer It transforms a valid pointer to a wild pointer. 

(3) Pointer referencing to a data which is destroyed. In this case, the pointer tries to access memory 
object or item which no longer exists. It is illustrated in the program wild3 , cpp, 

// wild3.Cpp: assigning destroyed object 
# include <iostream.h> 

# include ^string . h> 
char * namep lease (h 
char 9 charplease ( J : 
void main ( ) 

{ 

char *pl» *p2 ; 

pi = nameplease ( ) ; 

p2 = charplease ( ) ; 

cout “Name = “ << pi << endl t 

cout << "Char = ■ « p2 << endl? 

) 

char * namep lease O 
{ 

char name [ ] = “ Savithr i ■; 
return name; 

) 

char * charplea.se O 

C 

char ch; 
ch = 1 X ' i 
return &ch; 

} 

Run 

Name m SavivN 1 
Char - i 

In the function namep lease ( ) , invoked by the statement 
pi = namep 1 ease f ) ; 

when the address of the variable name is returned, the control comes out of the function namep lease ( ) 
and hence, the variable name dies (since it is an auto variable). Thus pi would contain the address of 
the variable which does not exist. In effect, this is a situation of dangling reference. In such a situation 
the compiler issues a warning such as 

Suspicious pointer reference 

or 

Returning a reference to a local object 
It implies that a pointer or reference to a local (auto) variable/object should never be relumed. As soon 
:is the function is terminated, the memory assigned to the local variable is released or gets destroyed, 
and any reference or pointer points to some invalid data. However, returning a copy (return by value) of 
a local variable/object is valid. 
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9.7 What are the different arithmetic operations that can be performed on pointer variables 7 Con- 
sider the following definitions: 

int *a ( *b, c; float *e; char 

The pointer variables a, h, and c are initially pointing to memory locations 100, 150, and 50 
(assume) respectively. What is the address stored in the pointer variable (a, b, and c) on execu- 
tion of the following statements ? 
a++ 1 
b - 

cout « "*b+ + ; 
cout « *++p; 

a = &c? 

9.8 Consider the folio wi ng defi nition s : 

int *a, *b, e; f loai *e; char *p; int il, *ip ; 
char ch; long 1; double *d; long double lb? 

What is the return value of sizeof ( ) operator when applied to the variables created by the 
above statements individually? For instance, the return value ofsizeof (int) orsizeof ( it ) 
is 2 {in DOS) and 4 (in UNIX), Comment on such differences. 

9*9 What is runtime memory management ? What support is provided by C++ for this and how does 
itdi ffers from Cs memory managemen t ? 

9*10 Write a program for finding the smallest and largest in a list of N numbers. Accept the value of 
N at runtime and allocate the necessary amount of storage for storing numbers, 

9.11 Write an interactive program for manipulation of matrices. Support addition, subtraction, and 
multiplication operations on them. Create matrices dynamically, 

9. 12 Write a program for sorting names of persons by swapping pointers instead of data. Use Comb 
sort algorithm for sorting* (Comb sort is explained in the chapter Arrays and Strings). 

9. 1 3 Gxpl ain sy ntax for defin ing pot nters to functions, Wri te a program which supports the fol lo wi ng: 

& = compute( sin, 1.345 
b = compute | log, 150 ) ; 
c = computer { sqrt, 4,0 ) ; 

9.14 Consider the function show (), which is defined as follows: 

void show( int a, int fo, int c) 
t 

cout « a << N * << b << " * << c; 

) 

int * i f j ; 

1 - kji 

2 = 2} 

int k[] = { 1, 2, 3 }; 

What is the output of the following statements: (Note that actual parameters are evaluated from 
right to left while assigning them to formal parameters) 
show ( *i, j t *k ) ; 
show ( * i t * i ++ f * i ) i 
show l *k, *k++- ) ; 

9* 1 S What are the di f fere nces betwee n jpoi nters to constants and constant pointers ? G i ve ex ampl e s . 
9.16 Write a program for creating a linked list and support insertion and deletion operations on it 
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9,19 



9 , 2 # 



9,21 



Nodes of linked list have to be modeled using nested structures. 

Define the following: (a) Wild pointers (b) Garbage (c) Dangling reference. Consider the follow- 
ing program: 

# include -ciostream.h? 
void mainO 



int * a s 

const int *b; 

int *const pi 

int c = 2, d = 3; 

cout « a? h = be ; p = ltd; 

*b = 10; 

b = new int; 

*b = 10; 
delete b; 
cout « *b; 
a ■ new int [10] ; 
a[9l = 20; 
a f 10] = 30; 
a = new int 15] ; 



a++; 

++b; 

cout << *a? 



Observe the above program carefully and find out where all garbage, dangling reference, and 
wild pointers exist. Identify statements which are treated as erromeous by the compiler. 

Write the function locate (s , pattern) , which returns - 1 if the string pattern does not 
exist in s t otherwise returns location at which it is found. 



Consider the following statements: 
char "name; 
chat 3tr (20] ; 

name = new char I strlent str) +1 3; 
atrcpyC name, str ); 

Why one more extra byte is allocated to the string name ? What will happen if one extra byte is 
not allocated ? What is the effect of the following statements during runtime: 
char *s; 
cin >> s; 

Does the second statement leads to any runtime error ? Give reasons. 
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10 J Introduction 

Object-oriented programming paradigm is playing an increasingly significant role in the design and 
implementation of software systems. It simplifies the development of large and complex software sys- 
tems and helps in the production of software, which is modular, easily understandable, reusable, and 
adaptable to changes. The object-oriented approach centers around modeling the real world problems 
in terms of objects {data decomposition), which is in contrast to older, more traditional approaches that 
emphasize a function oriented view, separating data and procedures f algorithm decomposition). Ob- 
ject oriented modeling is a new way of visualizing problems using models organized around the real- 
world concepts. Objects are the result of programming methodology rather than a language. 



Data 

datal 

data.2 

data3 



Functions 

fund ( J 
func2 ( ) 
fund ( ) 



Figure 10.1 : Class grouping data and functions 

Object-oriented programming constructs modeled out of data types called classes. Defining vari- 
ables of a class data type is known as a class instantiation and such variables are called objects. (Object 
is an instance of a class.) A class encloses both the data and Junctions that operate on the data, into a 
single unit as shown in Figure 10.1. The variables and functions enclosed in a class are called data 
members and member Junctions respectively. Member functions define the permissible operations on 
the data members of a class. 

Placing data and functions together in a single unit is the central theme of object-oriented program- 
ming. The programmers are entirely responsible for creating their own classes and can also have acces > 
(0 classes developed by the software vendors. 
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The definition of an object is similar to that of a variable or any primitive data type. Objects can also 
be created by placing their names immediately after the closing brace like in die creation of the structure 
variables. Thus, the definition 
class student 



} si , s2. si, s4 ; 

creates objects si. s2,s3, and s4 of the class student. In C++, the convention of defining objects at 
the point of class specification is rarely followed; the user would like to define the objects as and when 
required, or atthe point of their usage. 

An object is a conceptual entity possessing the following properties: 

+ it is identifiable. 

+ it has features that span a local state space. 

+ it has operations that can change the status of the system locally, while also inducing operations in 
peer objects. 

* it refers to a thing, either a tangible or a mental construct, which is identifiable by the users of the 
target system. 



10.4 Accessing Class Members 

Once an object of a class has been created, there must be a provision to access its members. This is 
achieved by using the member access operator dot (*). The syntax for accessing members (data and 
functions) of a class is shown in Figure 10.5. 



r Name of the user defined object 
r- — ► member access specifier 



r“"“ 



ObjectName . Da taM ember 



(a) Syntax for accessing data member of a class 



►Name of the user defined object 

-► member access specifier 

name of the member function 

■ arguments to the function 



r 



Ob j ec tName Pun c t i onWame (Actual Ar gumen ts ) 



(b) Syntax for accessing member function of a class 

Figure 10*5: Syntax for accessing class members 
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If a member to be accessed is a function, then a pair of parentheses is to be added following the 
function name. The following statements access member functions of the object si, which is an in- 
stance of the student class: 

sl,setdata{ 10 * " Ra j kumar “ ) ? 
si . outdata ( ) ; 

The program student . cpp illustrates the declaration of the class student with the operations on 
its objects. 

// student. cpp: member functions defined inside the body of the student class 
# include <iostream.h> 

♦include cstring . h> 
class student 
t 

private : 

int roll_no; // roll number 

char name [ 20 ] ; // name of a student 

public: 

// initializing data members 

void setdata I int roll_no_in # char *name_in } 
t 

rol l„no = roll_rta_ini 
strcpyi name , name„in ); 

) 

// display data members on the console screen 
void outdata 
{ 

cout « “Roll No ■ 9 << roll„no << endl ; 
cout « "Name = ■ << name << endl; 

} 

}; 

void main!) 

{ 

student »1; // first object /variable of class student 

student s 2 ; // second objett/ variable of class student 

si . set data ( 1# "Tejaswi" J; // object si calls member setdata() 
s2 . setdata ( 10, "Raj kumar * 1 i //object s2 calls member setdataU 
cout << "Student details, * * # « endl* 

si . outdata ( ) ; // object si calls member function outdatat) 

s2 . outdata ( ) ; // object s2 calls member function outdata U 

> 

flun 

Student details* ** 

Roll No = 1 
Name = Tejaswi 
Roll No - 10 
Name * Rajkumar 

The various actions performed on objects of the class student are portrayed in Figure IG.b with 
the client object accessing the services provided by the class student. 
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resembles a server whereas, the objects of the class student resemble clients , They make calls to Ihe 
server by sending messages. In the statement 

s2 , setdata ( 10, "Rajkumar" } ; // object s 2 calls member function setdata 
the object s2 sends the message setdatato the server with the parameters 10 and Raj kuroar. As 
a server, the member function set data [ ) of the class student performs the operation of setting 
the data members according to the messages sent to it Similarly, the statement 

s2 ♦ outdata () ; 

can be visualized as sending message {outdata) to object s2 N s class to display object contents. The 
term message is commonly used in OOPs terminology to provide an illusion of objects as discrete 
entities, and a user communicates with them by calling their member functions as shown in Figure 10. B. 
Thus, by its very nature, OO computation resembles a client-server computing mode L 





student si; student a2; 



toll no 



10 



name 

Ra jkumat 



roll no 



name 



Tejaswi 



Figure 10 7: Two objects of the class student 

In OOPs, the process of programming involves the following steps: 

* Creation of classes for defining objects and their behaviors. 

* Creation of class objects; class declaration acts like a blueprint for w f hich physical resources are not 
allocated. 

* Establishment of communication among objects through message passing 
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void main 1 1 
{ 

dace dl f d2, d3 ? if date objects dl, d2 , and d3 creation 
// set dace of births 
dl.set< 26 , 3 , 1958 ) ; 
d2 . set | 14, 4, 1971 ) i 
d3 . set ( l t 9 , 1973 ); 

cout << “Birth Date of the First Author: * ; 
dl . show ( ) ; 

COut << "Birth Date of the Second Author? 4 ; 
d2 . show ( J ; 

cout « " Birth Date of the Third Authors B ; 
d3 . show ( ) ; 

1 

Run 

Birth Date of the First Author: 26-3-1958 
Birth Date of the Second Author; 14-4-1971 
Birth Date of the Third Author: 1-4*1972 

Member functions defined inside a class are considered as inline functions by default thus, offering 
both advantages and limitations of inline functions. However, in some implementations, member func- 
tions having loop instructions such as for, while, do. .while, etc., are not treated as inline 
functions. The compiler produces a warning message if an attempt is made to define inline member 
functions with loop instructions. Normally, functions with a small body are defined inside the class 
specification. In the above student class specification, the Functions sett) and show [ ] are 
treated as inline functions by the compiler. 



Member Functions Outside the Class Body 

Another method of defining a member function is to declare Junction prototype within the body of a 
class and then define it outside the body of a class. Since the functions defined outside the class 
specification have the same syntax as normal functions, there should be a mechanism of binding the 
functions to the class to which they belong. This is done by using the scope resolution operator{: m .}. It 
acts as an identity-label to inform the compiler, the class to which the function belongs. The general 
format of a member function definition is shown in Figure 10.10. This form of syntax can be used with 
members defined either inside or outside the body of a class, but member functions defined outside the 
body of a class must follow this syntax. 

class Cl assName 

c 






ReturnType MemberFunct ion { arguments 1 t — « 

■ user defined class name 

Scope resolution operator 

Member Fung ti an { arguments ) 



function prototype 



Re turn Type ClassMame 
{ 

// body of the function 



Figure 10.10: Member function definition outside a class declaration 
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The label ClassNaroe : : informs the compiler that the function MemberFunction is the mem* 
her of the class ClassName. The scope of the function is restricted to only the objects and other 
members of the class. The program datel .cpp having member functions inside the body of the 
date class is modified to date2 * cpp which defines member functions outside the body of a class. 
// date2*Cpp: date class with member functions defined outside the class body 
f include <iostream.h> 
class date 
{ 

private: 
int day: 

int month: 

int year; 
publ ic : 

void sett int Dayln, int Monthln, int Year In ); //declaration 
void show {} t // declaration 

); 

void date; ; set ( int Dayln, int Mon thin , int Year In } //definition 
{ 

day = Dayln; 
month = Month In; 
year m Yearln; 

) 

void dates : showO // definition 

( 

cout « day « month <*: « year « endl; 

) 

void main O 
l 

date dl , d2 , d3 ; // date objects dl, d2 / and d3 creation 

// set date of births 
dl , set t 26, 3, 195B }; 
d2 8 set { 14, 4 , 1971 
dl . set ( 1, 9, 1973 >; 

cout << "Birth Date- of the First Authors 1 ; 
dl . show ( ) ; 

cout « "Birth Date of the Second Author; 
d2 * show ! ) i 

cout « "Birth Date of the Third Author : *s 
d3 . show ( } j 

I 

Run 

Birth Date of the First Author: 26-3-1958 
Birth Date of the Second Author: 14-4-1971 
Birth Date of the Third Author: 1-4-1972 

Consider the member functions set and show defined in the above program: 
void date: : set { int Dayln, int Monthln, int Yearln } 

{ 

day - Day in; 

* * * * " ' fc 

\ 
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void date i : show ( I 

l 

coy t << day « “ - " << month « * - ■ « year << endl ; 

} 

In the above definitions, the label date : s informs the compiler that the functions set and show 
are the members of the da te class. It can access all the members (dale and functions) of the da te class 
and also global dala items and functions if necessary Some of the special characteristics of the member 
functions are the following. 

+ A program can have several classes and they can have member functions with the same name. The 
ambiguity of the compiler in deciding which Junction belongs to which class can be resolved by the 
use of membership label (ClassName ■ :), the scope resolution operator. 

* Private members of a cl ass. can be accessed by all the members of the class, whereas non -member 
functions are noi allowed to access. However, friend functions (discussed later) can access them. 

* Member functions of the same class can access all other members of their own class without the use 
of dot operator 

* Member functions defined as public act as an interface between the service provider (server) and 
the service seeker (client). 

* A class can have multiple member functions with the same name as long as they differ in terms of 
argument specif! cal ion (data type or numher of arguments). 

10.6 Outside Member Functions as inline 

OOP provides feature of separating policy from the mechanism. Policy provides guidelines for defining 
specification whereas mechanism provides guidelines for design and implementation, It is a good 
practice to declare the class specification first and then implement class member functions outside the 
class specification. The inline member functions are a group of member functions that decrease the 
overhead involved in accessing member functions and make the usage of member functions more 
efficient. An inline member function k treated like a macro: any call to this function in a program is 
replaced by the function itself. This is called inline expansion. By this, the overhead incurred in the 
transfer of control by the function call and the function return statements are cut down. Note that inline 
functions are also called open subroutines since they gel expanded at the point or a call whereas, 
normal functions are called closed mhrtmtmes since only call to a function exists at the point of their 
call. A member function prototype defined within a class is declared without any special keyword. 

C++ treats all the member functions that arc defined within a class as inline functions and those 
defined outside as non-inline (outline). Member function declared outside the class declaration can be 
made inline by prefixing the inline to its definition as shown in Figure 10. 11. 

Keyword : indicates function defined 
outside a class body is inline 

inline ReturnType ClassName : : FunctiotiName (arguments } 
f 

// body of Inline function 

} 

Figure 1 0.11 : Inline function definition outside the class declaration 
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The keyword inline acts as a function qualifier. The modified program of date2 , cpp is listed 
in date3 * cpp, making all the member functions of the class date as inline member functions, 

// date3. cpp: date class with member functions defined outside as inline 
# include <i ostream, h> 
class date 

{ // specifies a structure 

private; 
int day; 
int month; 
int year; 
public ; 

void sett int Dayln, int Monthln, int Year In 1; //declaration 
void show(); / / declaration 

}; 

inline void date: : set ( int Dayln, int Monthln, int Yearln ) 

{ 

day - Day In; 
month = Monthln; 
year = Yearln; 

) 

inline void date: : show // definition 

{ 

cout << day « * - " << month « « year « endl; 

} 

void main O 

t 

date dl , d2 f d3 ; // date objects dl, d2, and d3 creation 

// set date of births 
dl . set { 26, 3, 1 958 ) ; 
d2 . set £ 14, 4, 1971 ) ? 
d3 ,set { 1, 4, 1972 } ? 

cout << "Birth Date of the First Authors * ; 
dl , show { ) ; 

cout « "Birth Date of the Second Author: ■ ; 
d2 . show { ) ? 

cout « "Birth Date of the Third Author; " ; 
d3 *show{ } 1 

) 

Bm 

Birth Date of the First Author: 26-3-1958 
Birth Date of the Second Author; 14-4-1971 
Birth Date of the Third Author: 1-4-1972 

In the above program, the member functions set ( ) and show [ ) of the class date are considered 
as inline member functions defined outside the body of the class date* They are explicitly defined as 
inline functions with the use of the inline qualifier. The use of the inline qualifier in the statements 
inline void date : i^et ( int Day in, int Month in , int Yearin ) 
inline void date: :showO 
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10.7 Accessing Member Functions within the Class 

A member function of a class is accessed by the objects of that class using the dot operator. A member 
function of a class can call any other member function of its own class irrespective of its privilege and 
this situation is called nesting of member functions. The method for calling member functions of one's 
own class is similar to calling any other standard (library) functions as illustrated in the program 
nesting . cpp. 

if nesting.cpp; a member fur ct ion accessing another member function 
•include <iostream. h> 
class NumberPairs 
{ 

int numl, num2 j // private by default 

public ; 

void read ( } 

{ 

cout << p Enter First Number i ■; 
cin » numl; 

cout << "Enter Second Number: " ; 
cin » num2 ; 

) 

int max ( ) // member function 

{ 

i f ( numl > num2 } 

return numl | 
else 

return num2 ; 

> 

// Westing of member function 
void ShowMax(| 

C 

// calls member function max U 

cout << "Maximum = * << nax()j 

I 

)? 

void mainO 
{ 

NumberPairs nl? 
nl . read ( ) ; 
nl . ShowMax { 1 ; 

) 

Bm 

Enter First Number: 5, 

Enter Second Number: JJl 
Maximum ■ 10 

The class NumberPairs has the member function ShowMaxt) having the statement 
cout « * Maximum = 41 << max Or 

It calls the member function max ( ) to compute the maximum of class data members numl and rmmT. . 
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10.8 Data Hiding 

Data is hidden inside a class, so that it cannot he accessed even by mistake by any function outside the 
class, which is a key feature of OOP. C++ imposes a restriction to access both the data and functions of 
a class. It is achieved by declaring the data part as private. All the data and functions defined in a class 
are private by default. But for the sake of clarity, the items are declared as private explicitly. Normally, 
data members are declared as private and member functions are declared a $ public. This is illustrated in 
the program part . epp, 

i / pa rtepp: class hiding vehicle details 
# include <iostream.h> 
class part 

private: /'/ private members 

int ModelNum; // model number 
int Part Hum; // part number 
float cost; // east of a part 
public: // public members 

void Set Part { int mn, int pn, float c ) 

£ 

ModelNum = mn ; 

PartNum = pn; 
cost = c; 

} 

vo id Show Part { } 

£ 

eout << "Model: " « ModelNum « endl; 
cout << "Number: * << Par t Mum << endl; 
cout « " Cost: h « cost << endl; 

> 

J; 

void main { ) 

£ 

part pi. p2 ; / / objects pi and p2 of class part are defined 

// Values are passed to their object 
pi. Set Part ( 1996. 23, 1250,55 )j 
p2 . SetPar t ( 2000, 243, 2354,75 } ; 

// Each object display their values 
cout '"First Part Details . . . 1 << endl; 
pi . ShowPart ( ) i 

cout << "Second Part Details . * , 1 << endl; 
p2 , ShowPart ( ) ; 

} 

Run 

First Part Details . . * 

Model ? 1996 
Number : 2 3 
;ost s 1250.550049 
Second Fart Details * , . 

Model i 2000 
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The class having all the members with private access control is of no use; there is no means 
available to communicate with the external world. Therefore, classes of the above type will not contrite 
ute anything to the program. 



Protected Members 

The access control of the protected members is similar to that of private members and has more signifi- 
cance in inheritance, Hence, detailed discussion on this is postponed to the chapter on Inheritance , 
Access control of protected members is shown in Figure 10.13. 



Note: colon here 



class Person 

< ^ 

protected: ■ - »* access specifier 

// protected members 



int age; ^ — — protected data 

int get age f ) ; — ' — protected function 






Person pi 
a=pl . age | 
pi . get age { ) ; 



* cannot access protected member 
( same as private ) 



Figure 10.13: Protected members accessibility 



Public Members 

The members of a class, which are to be visible (accessible) outside the class, should be declared In 
public section. AH data members and functions declared in the public section of the class can be 
accessed without any restriction from anywhere in ihc program, either by functions that belong to the 
class or by those external to the class. Accessibility control of public members is shown in Figure IQ, )4, 
class Person 

I ^ ote: CO * OTI 

pub X i c : ~ access spec i f icr 

// public members 



int age i — '^ r — - 
int getage ( ) ; , 



public data 

public function 



); 

Person pi; 

a=pi , age ; 1 / can access public data 

pi „ getage ( ) ; can access public function 



Figure 1 0.1 4: Public mem bers accessibility 

1 0.9 Access Boundary of Objects Revisited 

Hierarchy of access, in which privilege code can see the whole structure of an object, but external code 
can see only the public features. The access-limit of members within a class, or from objects of a class 
is shown in Table 1GT and Figure 10.15, 
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Consider the statements 

MyClass objx; / / objx is an object of class MyClass 
int d; f/ temporary variable d 

They define an object objx and an integer variable* d. The accessibility of members of the class 
MyClass through the object objx is illustrated in the following section 

1 . Accessing private members of l he class MyClass: 

d. = objx, a i // Error: 1 MyClass : : a H is not accessible 
objx, f 1{|; // Error: " MyClass :: fl () ' is not accessible 

Both the statements arc invalid because the private members of the class are inaccessible. 

2. Accessing protected members of the class MyClass: 

d = oojx . b: // Error: ‘MyClass ::b‘ is not accessible 
objx.f2U; H Error: ' MyClass : : f 2 M " is not accessible 
Both the statements are invalid because the protected members of the class arc inaccessible. 

3. Accessing public members of the class MyClass: 

d =■ ob j x . c ; / / OK 
objx, f 3 O ; // OK 

Both the statements are valid because the public members of the class arc accessible* 

10.10 Empty Classes 

Although the main reason for using a class is to encapsulate data and code, it is however, possible to 
have a class that has neither data nor code. In other words, it is possible to have empty classes The 
declaration of empty classes is as follows: 
class xym { ); 
class Empty ( } ; 
class a be 
£ 

) ; 

During the initial stages of development of a project, some of the classes arc either not fully identi- 
fied, or not fully implemented. In such cases, they are implemented as empty classes during the first few 
implementations of the project. Such empty classes are also called as stubs. The significant usage of 
empty classes can be found with exception handling; it is illustrated in the chapter Exception Handling. 



10.11 Pointers within a Class 

The size of data members such as vectors when defined using arrays must be known at compile lime 
itself In this case, vector size cannot be increased or decreased irrespective of the requirement. This 
inflexibility of arrays can be overcome by having a data member for storing vector dements whose size 
can be dynamically changed during runtime. The program vector . epp facilitates the creation of the 
vector of varying size during runtime, It has a pointer member instead of an array member. The size of 
the vector is varied by creating an object whose vector size is known only at runtime, 

V vector.cpp : vector class with array dynamically allocated 
•include <io stream, h> 

<vilass vector 
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void show! I 
i 

cout << feet << 4 « inches « , \ wi - 

} 

void add{ distance dl, distance d2 \ 

{ 

feet = dl.feet +■ d2 . feet ; 
inches = dl , inches + d2 , inches ; 
iff inches > - 12,0 I 
{ 

/ / 1 foot = 12.0 inches 
feet = feet + 1.0; 
inches s* inches - 12.0; 

} 

} 

}; 

void main ( ) 

( 

distance dl, <32, d3 ; 
d2 . init { 11.0, 6.25 ); 
dl . read { } ? 

cout << M dl = ■; dl.showO; 
cout c-c *\nd2 = M j d2.show() # - 
d3 . add { dl , d2 \ ; // d3 « dl + d2 
cout << 4 \nd3 = dl+d2 = ■; d3 . show ( ) ; 

} 

Run 

Enter feet: 12.0 
Enter inches: 7 ,25 
dl = 12**7.25" 
d2 = 11 1 -6- 25 * 
d3 = dl+ d2 = 24 * -1 . 5 B 
In main ( h the statement 

d3 « add { dl, d2 ); // d3= dl + d2 

invokes the member function add C ) of the class distance by the object d3, with the object dl and 
d2 as arguments. It can directly access the feet and inches variables of d3. The members ofdl and 
d2 can be accessed only by using the dot operator (like dl . feet and dl . inches) within the 
add{ ) member. Figure 10.16 shows the two objects dl and d2 being added together with the result 
stored in the recipient object d3. Any modification made to the data members of the objects dl and d2 
are not visible to the caller’s actual parameters. 

Passing Objects by Reference 

Accessibility of the objects passed by reference is similar to those passed by value. Modifications 
carried out on such objects in the called function will also be reflected in the calling function. The 
method of passing objects as reference parameters to a function is illustrated in the program 
account . cpp. Given the account numbers and the balance of two accounts, this program transfers 
a specified sum from one of these accounts to the other and then, updates the balance in both the 
i ccounts. 
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Figure 10.16; Objects of the distance class as parameters 

// account. cpp: passing objects as parameters to functions 
# inc 1 ude< i os t r earn „ h> 
class AccClass 
{ 

private: // class data members 

int accno; 

float balance? 

public: if class function members 

void getdataO 
{ 

cout << "Enter the account number for accl object: ■ ; 
cin >> accno; 

cout << "Enter the balance; *; 
cin >> balance; 

} 
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void setdata( int accln | 

f 

accno = accln; 
balance - 0 ; 

} 

void setdata! int accln, float balanceln ) 

C 

accno = accln? 
balance a balanceln; 

} 

void display { ) 

£ 

cout « "Account number is: ■ « accno << endl? 
cout « "Balance is: " << balance << endl; 

) 

void MoneyTrans f er { AccClass & acc p float amount ) ; 

)* 

// accl .WoneyTransf er ( acc2, 100 ) , transfers 100 rupees from accl to acc2 
void AccClass :: MoneyTrans fer ! AccClass & acc* float amount ) 

{ 

balance = balance - amount? // deduct money from source 

acc . balance = acc . balance + amount? / / add money to destination 

/ 

void mainO ► 
f 

int trans_jnoney; 

AccClass accl, acc 2 , acc 3; 

acc 1 * getda ta { ) ; 

acc2 . setdata ( 10 ); 

acc3 . setdata ! 20, 750.5 ) ; 

cout << "Account Information. . . * << endl? 

accl. display i ) ; 

acc2 .display!) i 

acc3 . display ( ) ? 

cout « "How much money is to be transferred from acc3 to accl : ■; 
cin >> t rans jnon ey ? 

acc3 .MoneyTransfer (accl, trans_money) ; / / transfers money from accl to accl 

cout << "Updated Information about accounts, . << endl; 

accl .display!) ? 

acc2 .display { ) ; 

acc 3 .display!) ; 

) 

Bm 

Enter the account number for accl object: 1 
Enter the balance: 100 
Account Information. . . 

Account number is: 1 
Balance is: 100 
Account number is: 10 
Balance is: 0 
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public : 

void getdata t \ 

{ 

cout <* 'Real Parc ? " r 
cin >> real: 
cout <<' ■ I mag Part ? * r 
cin >> imag; 

I 

void outdata { char *msg ) // display number in x+iy form 

{ 

couc << msg « real ; 
lift imag * 0 ) 
cout « “-i"j 
else 

cout « "+i - j 

cout << f abs { imag) <-c endl; 

} 

complex add( complex c2 ) ; // addition of complex numbers 

}$ 

complex complex :: add { complex c2 ) // add default and c 2 objects 

I 

complex temp; // object temp of complex class 

temp, real = real + c2 ♦ real ; // add real parts 

temp . imag = imag + c2 . imag ; / / add imaginary parts 

return ( temp }; / / return complex object 

} 

void maiiiU 

{ 

complex cl, c2, c3; // cl, c2 , and c2 are objects of complex 

cout << "Enter Complex Number cl . endl; 

cl .getdata! ) : 

cout « "Enter Complex Number c2 « * * « endl; 
c2 , getdata ( ) ; 

c3 ■ cl. add ! c2 1 ; / / add cl and c2 assign to c3 

c3 . outdata { *c3 - cl. add! c2 ) : 

} 

Rim 

Enter Complex Number cl » * 

Real Part ? 

imag Part ? % 

Enter Complex Number c2 , * 

Real Part ? i 
Imag Part ? -4 . 3 
c3 = cl, add { c2 ) ■ 4.5-12.3 
In main { ) , the statement 

c3 = cl,add( c2 >; // add cl and c2 assign to c3 

invokes the function add ( ) of the class complex by passing the object c2 as a parameter The 
statement in this function, 

return! temp J t // return complex object 

returns the object temp as a return object. 
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* The scope of a friend function is not limited to the class in which it has been declared as a friend, 

* A Mend function cannot be called using the object of that class; it is not in the scope of the class. It 
can be invoked like a normal function without the use of any object 

+ Unlike class member functions, it cannot access the class members directly. However, it can use the 
object and the dot operator with each member name to access both the private and public members. 
+ It can be either declared in the private part or the public part of a class without affecting its meaning. 
Consider the following skeleton of the program code to illustrate friend functions, 
class A 
{ 

private : 

int value; // value is private data 
public ; 

void setval ( int v 1 
{ value - v; } 
int getval E ) 

{ return { value J ; ] 

>; 

// function decrement: tries to alter A‘s private data 
void decrement ( A &a 1 
{ 

a. value--; // Error:; not allowed to access private data 

} 

class B // class B: tries to access A ' s private data 

{ 

public; 

void touch (A &a* 

{ a,value++; } 

); 

This code will not compile* since the function decrement t ) and the function touch ( ) of the 
class B attempt to access a private data member of the class A. 

The function can be allowed explicitly to access A*s data and class B members can be allowed to 
access the class h '*$ data. To accomplish this* the offending classless function decrement ( ) and 
the class b are declared to be Mends of the class A as illustrated in the following code: 
class h 
{ 

public : 

friend clan® B; // B is ray friend, I trust him 

friend void decrement (A fit what ) ; // decrement t) is also a good pal 



) ; 

Concerning friendship between classes, the following should be noted: 

* Friendship is not mutual by default. That is, once B is declared as a friend of A, this does not give A 
the right to access the private members of the class B. 

+ Friendship, when applied to program design, is an escape mechanism which creates exceptions to the 
rule of data hiding. Usage of friend classes should, therefore* be limited to those cases where it is 
absolutely essential. 
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Bridging Classes with Friend Furcations 

Consider a situation of operating on objects of two different classes. In such a situation, friend func- 
tions can be used to bridge the two classes. It is illustrated in the program f riendl . cpp. The syntax 
of defining friend non-member function is shown in Figure 10 J 8. 



class Testclass 
£ 

int num! , num2 ; 



public : 

// public members 

keyword 

friend float sum ( Testclaso obj ) ; 






X No friend keyword 

► X No scope resolution operator, Testclass :: sum cannot be made 



float sum {Testclass obj ) - private data member 



float result; 
result = obj .muni + obj . rium2 ; 
return result; 



Figure 10,18; Friend function of a class 



f t friendl.cpp: Normal function accessing object's private members 
#include <iostreajn.h> 

class two i // advance declaration like function prototype 
class one 
{ 

private i 

int datal ; 
public : 

void setdata{ int init 1 

I 

datal * init; 

} 

friend int add„both{ one a, two b ) ; // friend function 

>; 

class two 

{ 

private : 

int data 2 ; 
public : 

void setdata ( int init ) 

( 

data2 = init; 

} 

friend int add Jboth ( one a, two b - } ; // friend function 
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class girl 
i 

int income? // income is private data member 
public s 

int girlf unc ( boy bl ) 

{ 

re turn bl . income 1 +bi „ incomes ; 

) 

void setdata C int in } 

{ 

income - in; 

} 

void show!) 

{ 

boy bl; 

bl^setdatat 100, 200 ) j 

cout << • boy's Incomel in showOi " << bl . income! << endl; 
cout << "girl’s income in shown : p << income << endl; 

} 

); 

void main ( J 

i 

boy bl; 
girl gl; 

bl < setdata ( 500, 1000 >; 
gl . setdata (. 300 J; 

cout << "boy bl total income t m « gl . girlf unc (bl ) « endl j 
gl , show ( } ; 

) ! 

Run 

boy bl total income: 1500 
boy's Incomel in show(J; 100 
girl ' & income in shawl) : 300 

The statement in the class boy 

friend class girl ; // class girl can access private data members 

declares that all the member functions of the class gir l are friend functions of class boy but not the 
other way. (Thus in C++, class girl, the friend class of the class boy, does not mean that the class 
boy is the friend of the class girl). The objects of the class girl can access all the members of the 
class boy irrespective of their access privileges. 

The function show ( ) in the girl class 

cout « * boy's Incomel in showfj; “ << bl, incomel << endl; 
accesses the private data member incomel of the boy class. 

Class Friend to a Specified Class Member 

When only specific member function of one class should be friend function of another class, it must be 
specified explicitly using the scope resolution operator as shown in Figure 10.20. The function 
girlf unc U is a member function ofclassgirl and a friend of class boy* 
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class boy 
{ 

private : 

int income 1# private specifier 

int income 2 ; 
public : 

int gettotalU - " -- public specifier 
{ 

return income 1 + incomes? 



}? 



} 




class name to which this function is a member 



friend girl j i girifuac (boy hi ) ; ff class girl's girlfuriCf) is allowed to 

// access data and functions of class boy 



class girl 
( 

public : 

int girlfuncl boy bl 
{ 




private data members of class boy 



result * bl- income 1 + bl- incomes ? 
return result? 



} 



void show O // cannot access private members of boy 
{ 

boy bl? // only public members can be accessed 

} 



Figure 10,20; Member function to wtiicti class boy is a friend 



In the class girl, only function gir Ifunc ( } is allowed to access the private data and functions 
of the class boy. So only this function could be specifically made a friend in the class boy as illustrated 
in the program friend 3 ,cpp. 

/ / friend3,Cpp; sped f ic member function class girl is friend of boy 
I include <iostreaxn. h> 

class boy | // advance declaration like function prototype 
class girl 
{ 

int income? // income is private data member 
public i 

int girlfunc( boy bl }; 
void setdata ( int in ) 

{ 

income - in? 

1 

void showO 
C 

cout << "girl income: * << income ; 

) 

!; 
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class boy 

C 

private: // private members 

int income lv 
int income2; 
public ; 

void setdata{ int ini, int in2 ) 

{ 

incomel = ini ; 
income2 = in2 ; 

} 

// only this function can access private data of boy 

friend int girls s girlfunc ( boy bl ) ; 

// only this function can access private data of the boy class 
int girli :girlfunc( boy bl } 

{ 

return bl * income 1 +bl . income2 ; 

} 

void isiain { 1 
{ 

boy bl; 
girl glj 

bl.setdata( 500, 1000 ); 
gl . setdata ( 300 ) ; 

cout « "boy bl total income: * « gl . girlfunc (bl) « endl; 
gl . show f ) ; 

) 

Run 

boy bl total income: 1500 
girl income: 300 

The null -body class declaration statement, 

class boy; // advance declaration like function prototype 
appears in the beginning of the program; a class cannot be referred until it has been declared before the 
class girl, it informs the compiler that the class boy is defined later. The statement in the class boy 
friend int gir 1 n girlfunc f boy bl ]; 

declares that only member function girlfunc (> of the class girl can access private data and 
member functions of the class boy. 



10.15 Constant Parameters and Member Functions 

Certain member functions of a class, access the class data members without modifying them. It is 
advisable to declare such functions as const (constant) Functions. The syntax for declaring const 
member functions is shown in Figure 10,21. A const member function is used to indicate that it does 
not alter the data fields of the object, but only inspects them* 
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ReturnType Funct ionName f argument s } const 

Figure 10*21 : Syntax of declaring a constant member function 

A member function, which docs not alter any data members in the class can be declared as const 
member function. The following statements illustrate the same: 
void shownameO const/ 
float divide ( ) const? 

The qualifier cons t is suffixed to the function in both the declaration and the definition. The compiler 
will generate an error message if such functions attempt to alter the class data members. The concept of 
constant member functions is illustrated in the program constmem.cpp. 

// constmem.cpp: person class with const member functions 
♦include <iostream,h> 

#include <string T h> 
class Person 
{ 

private : 

char *name; / / name of person 

char *addresSr // address field 

char * phone; / / telephone number 

public t 

void ini t(); 
void clear { 5 $ 

// functions to set fields 
void setname(char const *str) ; 
void setaddress (char const *str) ; 
void setphone i char const *str) ; 

// functions to inspect fields 
char const *getname ( void) const; 
char const # getaddress ( void) const; 
char const *getphone tvoidJ const; 

}! 

if initialize class data members to MULL 
inline void Person :: init f I 
( 

name « address = phone =0; 

> 

f i release memory allocated to class data members 
inline void Person: : clear U 
( 

delete name ; 
delete address; 
delete phone; 

) 
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// interface functions set . „ . { } 

void Person: :setname| char const *str ) 

{ 

if [ name ) 

delete name; 

name = new char [ strlen (str| + 1 ] ; 
strcpy ( name, str ) ; 

} 

void Person : : setaddress ( char const *str J 

t 

i f ( address } 

delete address; 

address = new char [ strlen (str ) + 1 ] ,; 
strcpy | address , str ) j 

) 

void Person: : setphone ( char const *str ) 

{ 

if ( phone } 

delete phone ; 

phone ^ new char [ strlen (strj + 1 ); 
strcpy { phone, str ); 

} 

inline char const ^Person : : getname ( ) const 
{ 

return name; 

) 

inline char const * Person :: getaddress ( ) const 

( 

return address; 

I 

inline char const * Person j i getphone U const 

{ 

return phone; 

) 

void printperson ( Person const kp ) 

{ 

iff p* getname U 3 

cout « "Name s ■ « p. getname ( ) « endl; 
if( p . getaddress || ) 

cout « "Address: # « p. getaddress ( ) « endl i 
if ( p , getphone ( ) } 

cout « "Phone : M « p. getphone (I << endl; 

) 

void mainO 
[ 

Person pi, p2; 
pl.initt ) ; 
p2 * init 1 1 ; 

pi . set name l "Rajkumar* ) ; 

pi . setaddress t "E-mail ; rajficdacb. ernet , in'* ); 
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pi . setphone ( " 90-080-5584271 ■ )j 

printp^rson { pX ) ; 

p2 , set name { "Venugopal K R M > ? 

p2 . setaddress ( "Bangalore University" ); 

p2.setphone( “-not sure- 41 }; 

printperson ( p2 ); 

pi . clear { } % 

p2 * clear U ; 



Bug 

Name : 
Address : 
Phone : 
Name : 
Address : 
Phone t 



Raj kumar 

E-mail t ra j Scdacb . ernet . in 
90 - 080-5584271 
Venugopal K R 
Bangalore University 
-not sure- 



As illustrated in this program, the keyword const occurs Following the argument list of functions, 
Again the following Const-Rule applies: whichever appears before the keyword const must not alter 
its contents and if any attempt is made to alter dam, the compiler issues an error message. The same 
specification must be repeated in the definition of member functions: 
char const * Person :: getname ( } const 

l 

return name? 

3 

A member function, which is declared and defined as const, should not alter any data fields of its 
class. In other words, a statement like 
name = 0; 

jn the above const function get name ( } would lead to a compilation error. 

The formal parameter to the function 

void printperson (■ Person const &p ) 

is declared as a constant object. The private data members, by specification itself cannot be modified, 
If the object parameter is declared as const, even its public data members cannot be modified. Thus the 
function pr intperson ( ) can only read public data members, but cannot modify them. 

The purpose of const functions lies in the fact that C++ allows const objects to be created, For 
such objects only the cons t member, which does not modify them has to be called. The only exception 
to the rule are the constructors and destructors: these are called automatically. This feature is compa- 
rable to the definition of a variable int const max=10 ; such a variable may be initi allied on its 
definition. Analogously, the constructor can initialize its object at Ihe definition, but subsequent as- 
signments cannot be performed. Generally, it is good to declare member functions which do not modify 
their object to be const. 

10.16 Structures and Classes 

Structures and classes in C++ are given the same set of features. For example, structures may also be 
used to group data as well as functions. In C++, the difference between structures and classes is that by 
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default structure members have public Accessibility, whereas class members have private access 
control unless otherwise explicitly staled. The declaration for a structure in C++ is similar to a class 
specification. It is illustrated in the follow ing declaration: 
class conqplex 

private: // private part 

float real? if real part of complex number 

float imag; // imaginary part of complex number 

public : / / public part 

void get data ( > ; 
void outdata { char *msg 1; 
complex AddComplex ( complex c2 ) ; 

1 ; 

A similar structure may be created as shown below: 

struct complex 

private: // private part 

float real? // real part of complex number 

float imag? // imaginary part of complex number 

public: if public part 

void getdata t } ; 

Void ©utdata ( char *msg ) ? 
complex AddComplex { complex c2 ) ; 

}} 

The above declarations of class and structure can be written without any loss of meaning as follows; 

class complex 

I 

fi by default private part* the keyword private is omitted 
float real? // real part of complex number 

float imag? // imaginary part of complex number 

public: // public part 

void getdata ( } ; 
void outdata f char *msg > ? 
complex AddComplex ( complex c2 ) ; 

II 

Thus, in the absence of the keyword private, the members of a class are treated as private till another 
access-specifier keyword (private or public) is encountered. However, in a structure, the members are 
treated as public by default. It is illustrated in the following declaration: 
struct complex 
{ 

if by default public, the keyword public is omitted 

void getdata O? 

void outdata l char *msg } ? 

complex AddComplex { complex c2 } ; 

private: // private part 

float real; // real part of complex number 
float imag? // imaginary part of complex number 

}i 
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Note: Mo si prog ram mer5 prefer to use a class to group data as well as functions, a structure to group 
only data, following the conventions of C. It is advisable to use the keywords private and public 
explicitly in the declaration of classes and structures to improve readability of the program code* 

10.17 Static Data and Member Functions 

Earlier examples of classes have shown that, each ohjeci of a class has its own set of public or private 
data. Each public or private function then accesses the object s own version of the data, In some 
situations, it is desirable to have one or more common data fields, which arc accessible to all objects of 
the class. An example of such a situation is keeping the status of how many objects of a class arc 
created and how many of them arc currently active in the program. Another example is a flag variable, 
which stales whether some specific initialization has occurred; only the first object of the class performs 
the initialization and then sets ihe flag to done. 

Such situations are analogous lo C code, where several functions need to access ihe same variable, 
A common solution in C is to define all these functions in one source file and lo declare the variable as 
static: the variable name is then not known beyond the scope of the source file. This approach is quite 
valid, but does not agree with the philosophy of one data or function per program having multiple 
source files. Another C-like solution is to create the variable in question with unusual names such as 
MYFLAG, __6ULDV8* etc,* with the hope that other parts of the program (libraries* link modules* etc.) 
do not make use by defining these variables by accident. Neither the first* nor the second C-like solution 
is elegant, C++ therefore allows static data and functions* which are common to all objects of a class. 

Static Data Member Definition 

In Turbo C++ version 1.0, static data members were not required lo be explicitly defined. When the 
linker finds undefined static data, it would automatically define them and allocate storage for them 
instead of generating errors, but both new versions of Turbo C++ and Borland C++ insist on the expl icit 
definition; no other way to define a static data exists, The syntax of defining static data member of a 
class is shown in Figure 10,22, 




DataType ClassNaire : : DataMember = InitialValuej 

Figure 10.22: Static data member declaration in a class 
and its definition outside the class 



The static data members can be initialized during their definition outside all the member functions, in 
the same way as global variables are initialized. The definition and initialization of a static data member 
usually occur in one of the source files of the class functions. The statement which defines and 
initializes the variable Myclass : : count (count is a data member of MyClass) is always valid 
whether count is declared private, public or protected inside the class MyClass. The reason is tha 1 
static data members accessed in this way are essentially global data. 
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Private static data members 

When a data member is required to be accessible to more than one function, the normal procedure 
adopted in a function -oriented language is to declare it as an external variable. But this technique may 
be dangerous as it exposes external data variable to accidental modification, which may have undesir- 
able effects on the efficient and reliable working of the program. 

C++ provides an elegant solution to that problem in the form of static data members. Hie usual 
technique that is adopted is to declare the static data member in the private section of a class. Thus, 
effective data hiding is achieved, as the data is only accessible through the member functions, while 
providing access to all the objects of that class. This is illustrated in the program count , cpp. 



/ / count. eppi counts how many calls are made to a member function set ( ) 

# include <iostreairuh> 
class My Cl ass 
£ 

static int count; // static member 
int number; 
public : 

// initializes object's member and increments function call 
void set ( int num } 

£ 

number = num; 

++ count; 

} 

void showO 

{ 

cout « "\nNumber of calls made to ' set O * through any object: * 
« count; 

) 



)i 

it static member count is shared by all the objects of class MyClass 
int MyClass t t count * 0^ // definition and initialization of a data member 
void main ( ) 

1 



MyClass objl; 
obj 1 , show f j ; 
obj 1 . set { 100 
objl .shown ; 
MyClass obj 2, 
obj 2. set { 200 
obj 2 . show ( ) i 
obj2 . set { 250 
obj 3 . set | 300 
objl . show ( J ; 



J l 



obj 3 i 

//same result even with objl* show and obj 3 ♦ show ( ) ; 
l ; 



) $ 

//same result even with obj 2* show and obj 3 ♦ ShowO; 



Run 

Number of calls made to 'set i ) 1 through any object: 0 

Number of calls made to 1 set { ) 1 through any object; 1 

dumber of calls made to ' set U 1 through any object; 2 

Number of calls made to ' set ( ) 1 through any object; 4 
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Omission of the statement 

lilt MyClass : ; count - 0 ; 

in the above program would generate linking error although program is compiled successfully. This is 
because the statement in the class MyClass 
static int count; 

would not have been defined anywhere and it is a static variable within a class. Hence, an error would 
be generated if a value is assigned to count without any memory being allocated to it. ft is possible to 
omit initialization of astatic mem be i variable when it is defined, as shown below: 
int MyClass: : count.; 

Irrespective of whether the data member is private, public or protected, it must always be defined 
using the scope resolution operator. Static variables act like a bridge between objects of the same class. 
The linker allocates storage for a static member when the variable is defined even if no objects are 
actually created from the class. 



Access Buies for Static Data Members 

The public static data members can be accessed using the scope resolution operator or through objects 
with member access operator. Using the scope resolution operator is a completely new notation for 
member access. However, the accessibility of private static data members is same as that of normal 
private members. 

The static data members which are declared public are similar to normal global variables. They can 
be addressed by the program by prefixing class name and scope resolution operator. It is illustrated in 
the following code fragment: 



class Test 



public : 

static int public„int; 
private; 

static int private.. int ; 

1 ; 

void mainO 



Test s ;public_int = 145; 
Test: s private_int s= 12 ; 
Test myobj ; 

myob j , public_int = 145; 
myobj , private_int = '12? 



// ok 
// wrong, 

//ok 
// wrong, 



} 



do not touch the private data members 



do not access the private data member 



The static data member public_int defined in the class Test can be accessed using the scope 
resolution operator prefixed by its class name as follows: 

Test: :public_int = 145; // ok 

Whereas, the data member private_itit cannot be accessed using the scope resolution operator. 
Therefore, the statement 

Test ; : private_int = l2r // wrong, do not touch the private data members 
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leads to a compilaiion error Objecis accessing ihe static data member access the same data that is 
accessed by using the scope resolution operator The statement 
myobj . public_int = 145? // ok 

refers to the public static data member. However a private static data member cannot be accessed cither 
by using the scope resolution or the dot operator. 

Statie Member Functions 

Besides static data. C++ allows the definition of static functions. These static functions can access only 
the static members (data or function) declared in the same class; non-static data are unavailable to these 
functions. Static member functions declared in the public part of a class declaration can be accessed 
without specifying an object of the class. It is illustrated in the program dirs , cpp. 

/ / dlrs.cppi static data and member functions cf a class 
# inc I u de < ios t r earn . h > 

# include < string , h> 
class Directory 
C 

public : 

// the static string 

static char path til // declaration 
// constructors, destructors etc, not shown here 
// here's the static public function 
static void setpatfeU char const *newpath ) j 

} ; 

// the static function 

void Directory :: setpath {char const *newpath) 

C 

strepy { path, newpath } ; 

} 

// definition of the static variable 

char Directory^ :path ( 1 £&I » */usr/raj * ,■ // definition 

void main { ) 

C 

// static data member access, which is defined as public 
cout << "Path; " « Directory: : path « endl ; 

// Alternative ( 1 > s calling setpathd without 
//an object of the class Directory 
Directory; isetpath ( ■ /usr" ) ; 
cout << "Path i * << Directory: : path << endl; 

/ / Alternative (2 ) : with an object 
Directory dir? 
dir.setpath (V®tc p l ; 
cout << "Path; * « dir. path? 

} 

Run 

Path: /uar/raj 
Path: /usr 
Path: /etc 
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in the same memory locations. Thus each object has a separate copy of the automatic daia members and 
they share static data members among them. 



Object 1 



data 1 



data 2 



dataM 



Object 2 



data 1 



data 2 



dataM 




function 1 ( ) 



function 2 ( ) 



function 3( ) 



function K( ) 



Object M 



data 1 



data 2 



data M 



Separate memory for object's data members 
Shared memory for class functions 

Figure 10.23: Memory for objects 1 data and function members 

A static data member is allocated a fixed area of storage at link lime, like a global variable, but the 
variable's identifier is accessed only using the scope resolution operator with the class name. Thus 
static data is useful when all the objects of the same class must share a common item of information 
having same characteristics as non-static members. It is visible only within the class, but its extent 
(lifespan) is the entire program execution period. 

Data members are generally allocated with the same storage class. If an object is declared auto* all 
its data is auto: static objects have static data members. Static data members are an exception to this 
rule; when an object is created * memory is not allocated to its static members (if there are any ) t because 
this would cause multiple copies of the static data member appear in every object. 
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Static member functions can also be defined in the private region of a class. Such private static 
member functions can access only static data members and can invoke static member functions. The 
following points should be noted about static members: 

* Only one copy of static data member exists for all the instances of a class . 

* Static member functions can access only static members of its class, 

* Static data members must be defined and initialized like global variables, otherwise the linker gener- 
ates errors. 

+ Static members defined as public can either be accessed through the scope resolution operator as 
ClassName: : Member Name 
or it can be accessed through the object of a class as 
Object Name ,MemberNarne 

Thai is. static members can be accessed using only the class name, without referring to a particular 
object, 

1 0.18 Class, Objects and Memory Resource 

When a class is declared, memory is not allocated to the data members of the class. Thus, there exists 
a template, but data members cannot be manipulated unless an instance of this class is created by 
defining an object. It might give an impression that when an object of a particular class is created, 
memory is allocated to both its data members and member functions. This is partly true. When an object 
is created, memory is allocated only to its data members and not to member functions. 

Member functions are created and stored in memory only once when a class specification is de- 
clared. All objects of that class have access to the same area in the memory where the member functions 
arc stored. It is also logically true as the member functions are the same for all objects and there is no 
point in allocating a separate copy for each and every object created using the same cl ass. specification. 
However, separate storage is allocated for every object’s data members since they contain different 
values. It allows different objects to handle their data in a manner that suits them. 

The organization of memory resource for the objects is depicted in Figure 10.23. It can be observed 
that N objects of the same class are created and data members of those objects are stored in distinct 
memory locations, whereas the member functions of object! to objectN are stored in the same 
memory area. Thus, each object has a separate copy of data members and the different objects share the 
member functions among them. It is simpler to visualize each object as containing both its own data and 
functions. But the knowledge of what happens behind the scene is useful in estimating the time and 
space complexity of a program during its execution. 

Static Data Members 

Whenever a class is instantiated, memory is allocated to the created object. But there exists an excep- 
tion to this rule. Storage space for data members which are declared asstaticis allocated only once 
during the class declaration. Subsequently, all objects of this class have access to this data member, i,e,, 
all instances of the class access the same data member. When one of them modifies the static data 
member, the effect is visible to all the instances of the class. 

The organization of memory resource for the object's stacic data members is shown in Figure 
10,24, It can be observed that in the N objects of the same class, automatic data members (of each 
object) are stored in distinct memory locations, whereas j/aftedata members {of all objects} are stored 
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Separate memory for class's automatic data members 
Shared memory for class's static data members 



Figure 10,24: Memory for objects 1 static and automatic data members 
10.19 Class Design Steps 

As pointed out by the designer of C++, Dr. Bjarne Stroustrap, “Considering designing a single class is 
typically not a good idea. Concepts do not exist in isolation; rather, a concept is defined in the context 
of other concepts. Similarly, a class does not exist in isolation, but is declared together with logically 
related classes. Such a set is often called a class library or a component Sometimes all classes in a 
component constitute a single class hierarchy, sometimes they do not.” 

The set of classes in a component is united by some logical criteria, often by a component style and 
by a reliance on common services, A component is thus the unit of design, documentation, ownership, 
and often reuse. However, to use any part of a component, one needs to understand the logical criteria 
that define the component, the conventions and style embodied in the design of the components and 
its documentation* and the common services (if any). 

The design of a component is a challenging, task. It can be easily handled by breaking it into steps 
so that focus can be placed on the various sub- tasks in a logical and complete way. (Unlike structured 
programming. OOPs concentrates on data decomposition instead of algorithm decomposition,) How- 
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functions inline or not ? 

10JS What is the difference between member functions defined inside and outside the body of a 
class? How are inline member functions defined outside the body of a class 7 

10*9 What is data hiding ? What are the different mechanisms for protecting data from the external 
users of a class s objects ? 

10.10 What are empty classes ? Can instances of empty class be created ? Give reasons. 

10.11 Write a program for adding two vectors (which arc objects of the class Vector). Use dynamic 
data members instead of arrays for storing vector elements. 

10*12 Ex pi a i n the di f fc rc n t meth ods of p ass i ng objee t paramctc rs . 

10. 13 Write an interactive program for manipulating objects of the D i s tance class. Support member 
functions for adding and subtracting distance members of two objects. 

10.14 What arc friend functions and friend classes ? Write a normal function which adds objects of the 
complex number class. Declare this normal function as friend of the Complex class. 

10. IS Write a program for processing objects of the Student class. Declare member functions such 
as show ( ) as read-only member functions. 

10.16 Bring out the differences between auto and static storage class data members. Can static 
member functions of a class access all types of members of a class. Give reasons. What are the 
access rules for accessing static members ? 

1 0. 1 7 Disc uss me m ory requi remen ts for c 1 asses* obj ects , d ata me mbers , mem be r f unci i o ns* slat i c a nd 
non-stalic data members. 

10. 15 Why object-oriented programming approach is the preferred form of programming over other 
approaches. 

10.19 Write a program for manipulating coordinates in Rectangle coordinate system. Represent points 
as objects. The class Point must include members such as x and y (as data members)* and 
add ( ) * sub( ) , angle O , etc. (as member functions). 

10.20 Write a program for manipulating coordinates in Polar coordinate system. Represent points as 
objects. The class Polar must include data members such as radius and thets, and 
membtr functions such as add ( ) * sub { ) , angle ( ) * etc. 

10,22 Explain steps involved in designing class components as suggested by the C++ designer. 



Copyrighted material 




Chapter 10: Classes and Objects 



Ml 



ever. ihcre is no one right method Ibr component design, Here is a series of steps that have worked well 
in the design of components with most designers: 

{ 1 1. Find the c once pts/e I asses and their most fundamental relationships, 

12]. Refine the classes by specifying the sets of operations on them. 

a. Classify these operations. In particular, consider the needs for construction, copying, and de- 
struction, C++ features for defining such operations are discussed in the chapter on Object 
Initialization and Cleanup , 

b. Provide standard interface. It must provide the same look and feel of standard data types to user 
defined data types. C++ has constructs for defining such standard interfaces and are discussed in 
the chapter on Operator Overloading. 

c. Consider minimalism, completeness, and convenience. 

|3]„ Refme the classes by specifying then dependencies on other classes: 

a. Inheritance. (Discussed in the chapter on Inheritance.) 

b. Use dependencies. 

[4], Specify the interfaces for the classes, 

a. Separate functions into private, public, and protected operations. 

b. Specify the exact type of the operations on the classes. 

Note that these steps are iterative in nature and hence, several sequences over these steps arc 
required to produce a design code. It is advisable to design these classes as template classes as 
discussed in the chapter Generic Programming with Templates, The error handling model adopted in 
these classes must use exceptions to report runtime errors; discussed in the chapter Exception Han- 
dling, . Once objects are created dynamically, there must be provision to invoke operations on these 
objects dynamically. These features are discussed in the chapter Virtual Functions, Apart from the 
class design steps, a true object-oriented development passes through object-oriented analysis, de- 
sign, testing, etc., phases; discussed in the chapter 00 Analysis , Design and Development . 

Review Questions 

10. 1 What is a class ? Describe the syntax for declaring a class with examples. 

10.2 What are the differences between structures and classes in C++ ? 

10.3 What are objects ? Describe the syntax for defining objects with examples. Explain how C++ 
supports encapsulation and data abstraction. 

1 0.4 Wri te a program II 1 usfrati ng cl ass decl a rat i on , definition, and accessing cl ass mem hers . 

10, 5 Expl&i n the cl ient-server model o f object com mun ication . 

10.6 The University requires an interactive student database package that permits one to keep track 
of the dynamic student population in the campus. This database maintains at the minimum, a 
student's name, roll -no, marks of three hardcore subjects and three softcore subjects. The 
information about any student can come at any time. 

(a) What kind of data structure is suited for the above implementation and why ? 

(b) Give the class specification. 

(c) Given a student's roll -no, how do we determine the marks scored by the student ? 

10.7 What are the guidelines that need to be followed for deciding whether to make the member 
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while { 1 } 

{ 

cou t<< ''Enter Item Number to be put into the bag <0-no " ; 

cin >> item; 

if( item 0 ) // items ends, break 

break; 

bag . put { item h 
coat << "Items in Bag: 
bag . show { ) ; 

I 

} 

flun 

Enter Item Number to be put into the bag <0-«o item>: 1 
Items in Bag: 1 

Enter Item Number to be put into the bag <Q-na item> : ^ 

Items in Bag: 1 3 

Enter Item Number to be put into the bag <0-no item>: % 

Items in Bag; 132 

Enter Item Number to be put into the bag <Q-n© item>: 4 
Items in Bags 13 2 4 

Enter Item Number to be put into the bag <G-no item>: Q 

In main 0 1 the statement 

Bag bag; 

creates the object bag without initializing the itemCount to 0 automatically. However, it is performed 
by a call to the function SetDnpty { ) as follows: 

bag . SetEmpty ( ) ; // set bag to empty 

According to the philosophy of GGPs, when a new object such as bag is created, it will naturally be 
empty. To provide such a behavior in the above program, it is necessary to invoke the member function 
SetEmpty explicitly. In reality, when a bag is purchased, it might contain some items placed inside the 
bag as gift items. Such a situation in C++ can be simulated by 
Bag bag I = 2; 

It creates the object bag and initializes it with 2, indicating that the bag is sold with two gift items. It 
resembles the procedure of initialization of a built-in data type during creation, i.e + , there must be a 
provision in C++ to initialize objects during creation itself, 

it is therefore clear that OOPs must provide a support for initializing objects when they are created, 
and destroy them when they are no longer needed. Hence, a class in C++ may contain two special 
member functions dealing with the internal workings of a class. These functions are the constructors 
and the destructors. A constructor enables an object to initialize itself during creation and the destruc- 
tor destroys the object when it is no longer required, by releasing all the resources allocated to it. These 
operations are called object initialization and cleanup respectively. 

It, 2 Constructors 

A constructor is a special member function whose main operation is to allocate the required resources 
such as memory and initialize the objects of its class, A constructor is distinct from other member 
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functions of the class, and it has the same name as its class. It is executed automatically when a class is 
instantiated (object is created). It is generally used to initialize object member parameters and allocate 
the necessary resources to the object members. The constructor has no return value specification (not 
even void). For instance, for the class Bag, the constructor is Bag : : Bag ( ) * 

The C++ run-time system makes sure that the constructor of a class is the first member function to 
be executed automatically when an object of the class is created. In other words, the constructor \$ 
executed everytime an object of that class is defi ned. Normally constructors are used for initializing the 
class data members. It is of course possible to define a class which has no constructor at all; in such a 
case, the run-time system calls a dummy constructor (i.c., which performs no action) when its object is 
created. The syntax for defining a constructor with its prototype within the class body and the actual 
definition outside it, is shown in Figure 111. Similar to other members, the constructor can be defined 
cither within, or outside the body of a class, it can access any data member like all other member 
functions but cannot be invoked explicitly and must have public status to serve its purpose. The 
constructor which does not lake arguments explicitly is called default constructor „ 

class ClassName 
{ 

. , , , , // private members 

public : — ■ must he public 

// public members 

* ClassName ( ) ; - — ■ Constructor prototype 

1 no return type nor void 

ClassName :: ClassMame( ) ■“ Constructor definition 

{ 

// constructor body definition 

} 



Figure 11 *1 : Syntax of constructor 

The initialization may entail calling functions, allocating dynamic storage, setting variables to spe- 
cific values, and so on. Since the constructor is executed every time an object is created, it can be used 
to assign initial values to the data members of the object. It will reduce the burden on the programmer 
to specifically initialize the data within each object that is created and hence, prevent errors. These 
constructors do not have any return type, since they are invoked during the creation of objects trans- 
parently But they can have as many arguments as necessary. 

The program newbag , epp has a counter, which can be used to count events or objects placed in 
a bag. Since the counter has to start from zero value and count upwards, a mechanism is required by 
which the counter can be set to zero as soon as it is created. An appropriate solution to this situation, 
is to use a constructor. 

// newbag.cpp: Bag into which fruits can be placed with constructor 
# include <iostream.h> 

const inc MAX_ITEMS = 25; // Maximum number of items that a bag can hold 

class Bag 

C 

private : 

int contents [M£X_ITEMS] ; // bag memory area 

int ItemCount; // Number of items present in a bag 
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A constructor has the following characteristics: 

+ It has the same name as that of the class to which it belongs. 

+ II js executed automatically whenever the class is instantiated. 

* It does not have any return type. 

* It is normally used to initialize the data members of a class. 

* It is also used to allocate resources such as memory, to the dynamic data members of a class. 



1 1 .3 Parameterized Constructors 



Constructors can be invoked with arguments, just as in ibe case of functions. The argument list can be 
specified within braces similar to the argument-list in the function. Constructor^ with arguments are 
called parameterized constructors. The distinguishing characteristic is that the name of the construc- 
tor functions have to be the same as that of its class name. In the earlier program newbag . cpp f 
another constructor with arguments could have been provided with one integer value to initialize the 
data members ItemCount and contents [ ] . The syntax of parameterized constructors and their 
access is shown in Figure 1 1.2. * 

class Test 

I 



public? 




constructor with parameter 



Tes 1 1 irtt da ta 1 ) 

< 

) 



} ; 

Test 

Test 



tl{2) ; 
t2»3 ; 




2 is passed as parameter 

3 is passed as parameter 



Figure 11*2: Parameterized constructor 

Since C++ allows function overloading, a constructor with arguments can coexist with another 
constructor without arguments. The class Bag would thus have two constructors. The usage of a 
constructor with arguments is illustrated in the modified program gif tbag. cpp of newbag.cpp. 
The object is initialized during its creation. 

/ / giftbag.cpp: Bag which has some items when gifted 
# include <ioatreanuh> 

const int MAX_ ITEMS m 25; // Maximum number of items that a bag can hold 

class Bag 
{ 

private : 

int contents [MAX_ITBMS ] j // bag memory area 

int ItemCount; // Number of items present in a bag 
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public : 

/ i sets ItemCount to empty, it is gifted as empty bag 

BagU // constructor without arguments 

{ 

ItemCount = 0 ; 

} 

Bag ( int item ) // constructor with arguments 

( 

contents [ 0 ] = item; // when bag is gifted, it’ll have some Items 
ItemCount » 1; 

) 

void put{ int item } // puts item into bag 

< 

contents I ItemCount + + J = item* / / item into hag, counter update 

1 

void showO; 

I; 

// display contents of a bag 
void Bag: : show { ) 

C 

iff ItemCount ) 

f or C int i =0? i < ItemCount; i++ ) 
cout << contents! i] << m 1 ; 

else 

cout << "Nil" | 
cout « endli 

void main [ } 

( 

int item- 

Bag bagl ; // uses Bag: : Bag O constructor 

Bag bag2 -4; // uses Bag: :Bag( int item ) constructor 

cout « "Gifted bagl initially has: *j 

bagl , show O ; 

cout « "Gifted bag 2 initially has: 
bag 2 . show ( ) ; 
while ( 1 ) 

{ 

cout << "Enter Item tJumber to be put into the bag 2 <0-no item>: 
cin >> item; 

if ( item = = 0 I U items ends, break 
break; 

bag 2 . put ( item 1 ; 

cout « "Items in bag2 s •? 

bag 2 . showO ? 

} 

} 

Bm 

Gifted bagl initially has: Mil 
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Gifted bag2 initially has: 
Enter Item Number to be put 


4 

into 


the 


bag2 


<0-no 


item> : 


1 


Items 

Enter 


in bag2 : 4 1 

Item Number to 


be 


put 


into 


the 


bag2 


<0-no 


item> : 


2 


Items 

Enter 


in bag2 j 4 1 2 
Item Number to 


be 


put 


into 


the 


bag2 


<0-no 


item> : 


3 


Items 

Enter 


in bag2 i 412 
Item Number to 


3 

be 


put 


into 


the 


bag2 


<0-no 


item> : 


0 



The Bag class has two constructors. The first constructor does not have any arguments. The next 
constructor has a single argument. The statement 
Bag bag I; 

creates the object bagl and initializes its data member itemCount by invoking the no-argument 
constructor Bag: ; Bag (I, The next statement 
Bag bagZ m <1; 

creates the object bag2 and sets its data members iteracount to 1 and contents to 4 by invoking 
the one-argument constructor Bag : : Bag ( int item }, The concept of having multiple construc- 
tors and their invocation based on suitable arguments during the creation of objects bag! and bag 2 
with user interface is shown in Figure 11.3. 

Instances of the class Bag 




When a constructor is declared not to accept any arguments, it is called a default constructor. It is 
invoked when the object is instantiated with no arguments. The constructor Bag U is a default con- 
structor. Since a default constructor takes no arguments, it follows that each class can have only one 
default constructor. The operation of the default constructor function is usually to initialize data, used 
subsequently by other member functions, it can also be used to allocate the necessary resources such 
as memory dynamically 
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11.4 Destructor 



When an object is no longer needed it can be destroyed, A class can have another special member 
function called the destructor, which is invoked when an object is destroyed* This function comple- 
ments the operation performed by any of the constructors, in the sense that, it is invoked when an 
object ceases to exist. For objects which are local non-static variables, the destructor is called when the 
function in which the object is defined is about to terminate* For static or global variables, the destructor 
is called before the program terminates. Even when a program is interrupted using an exi t U call, the 
destructors are called for all objects ivhich exist at that time. 

The syntax of the destructor is shown in Figure 1 1.4. Destructor is a member function having the 
character -(tilde) followed by the name of its class and brackets (i.e., -class name O )■ It is invoked 
automatically to reclaim all the resources allocated to the object when the object goes out of scope and 
is no longer needed. 



class ClassName 
{ 

. . . . . // private members 

public s - must be public 
// public members 
^ ClassName { } ? 



}; 



Destructor prototype 
Tilde character, destructor returns nothing 
Destructor definition 



s 

- ClassName {) 



ClassName 
t 

// destructor body definition 

} 



Figure 11.4: Syntax of destructor 



Similar to constructors, a destructor must be declared in the public section of a class so that it is 
accessible to all its users. Destructors have no return type. It is incorrect to even declare avoid return 
type, A class cannot have mam than one destructor. The program test. . cpp illustrates the use of 
destructors* 



//test. cpp: a class Test with a constructor and destructor 
# include <iostream,h> 
class Test 



t 

public: 
Test t > i 
-Test ( J 

)? 

Test * :Test { ) 



// 'public" function; 

// the constructor 
// the destructor 

// here is the definition of constructor 



i 

tout « “constructor of class Test called" « endl ; 



) 

Test 1 1 -Test ( ) / / here is the definition of destructor 

{ 

cout « “destructor of class Test called - « endl ; 



} 



I 
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void ma£n( } 

{ 

Test x; // constructor is called while creating 

cout << "terminating main f) " << endl ; 

> // object x goes out of scope, destructor is called 

Run 

constructor of class Test called 

terminating mainO 

destructor of class Test called 

An interesting aspect of constructors and destructors is illustrated in the program count . cpp, It 
keeps u-ack of the number of objects created and how many of them are still alive. 

// count.cpp: counts how many objects are created and how may are alive 
# include <iostream<b> 

int nobjects = 0; // number of objects of the class MyClass 

int nabj_alive = 0; // number of objects present of the class MyClass 

class MyClass 

public : 

MyClass () // increments objects count 

{ 

++nobjects; // add to total 
+ +nobj_alive; // add to the active 

> 

-MyClass {} // decrements active objects count 

{ 

- -nob j _al ive ; // deduct one from active objects list 

} 

void showO 

f 

cout « "Total number of objects created: * « nobjects « endl; 
cout«" Number of objects currently alive: ■ «nobj_alive « endl ; 

) 

}| 

void main ( ) 

( 

MyClass objl; 
obj 1 - show ( ) | 

{ // new block 

MyClass obj obj2 ( - 

obj 2 * show ( ) ; // can be obj 1 . show { > 

} // objl and obj 2 goes out of scope, hence deleted 

obj 1 . show ( ) # - 
MyClass obj 2, obj 3; 

obj 2. show Or // can be obji.showO or objl. showO 

Run 

Total number of objects created: 1 
Number of objects currently alive: 1 
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Total number of objects created: 3 
Number of objects currently alive: -3 
Total number of objects created; 3 
Number of objects currently alive: 1 
Total number of objects created: 5 
Number of objects currently alive: 3 

The constructor in the above program increments the global variables nob j ects and nob j_al ive, 
by one. Whenever an object is created, the constructor is invoked automatically and counters are 
updated to maintain the object's statistics. The destructor decrements only the count variable 
nobj_alive by one, Whenever objects go out of scope, the destructor is invoked automatically and 
the counters will get updated {decremented), The status can be retrie ved by using the member function 
show [) of the class MyClass. l! prints the same message irrespective of tlte object invoking it; (it 
uses global data, which remains the same irrespective of the object's message). 

The following rules need to be considered while defining a destructor for a given class: 

* Hie destructor function has the same name as the class but prefixed by a tilde (-). The tilde distin- 
guishes it from a consuuctor of the same class, 

* Unlike the constructor, the destructor does not take any arguments. This is because there is only one 
way to destroy an object 

♦ The destructor has neither arguments, nor a return value. 

♦ Hie destructor has no return type like the constructor, since it is invoked automatically whenever an 
object goes out of scope. 

• There can be only one destructor in each class. This is essentially a violation of the rule that a 
function can take arguments, thereby making function overloading impossible. 

11.5 Constructor Overloading 

An interesting feature of the construe ton is that a class can have multiple constructors. This is called 
constructor overloading. All the constructors have the same name as the corresponding class, and 
they differ only in terns of their signature (in terms of the number of arguments* or data types of their 
arguments, or both) as illustrated in the program account + epp, 

/ / account xpp: passing objects as parameters to functions 
# includes ios tream * h> 
class AccCl ass 
{ 

private: // class data members 

int accno y 
float balance? 

public: / / class function members 

AccClass ( ) // Constructor no.l 

{ 

cout << "Enter the account number for accl object; * ; 

Cin >> accno; 

cout « "Enter the balance: " ; 
cin >> balance i 

) 
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AccClass (int an} // Constructor no *2 

C 

acc no = an; 
balance ^ 0 . 0 ; 

) 

AccClass { int acval, float bal) // Constructor no, 3 
{ 

accno =■ acvali 
balance = ball 

} 

void display! | 

C 

cout « M Account number is: ■ << accno << endl ; 

cout << * Balance is: * « balance « endl; 

) 

void MoneyTransfer ( AccClass k ate, float amount } ; 

}; 

if accl MoneyTransfer ( acc2, 100 ), transfers 100 rupees from accl to acc2 
void AccClass: : MoneyTransfer { AccClass & acc, float amount ) 

I 

balance = balance - amount; // deduct money from source 
acc. balance = acc. balance + amount; if add money to destination 

) 

void main ( ) 

{ 

int trans_money ; 

AccClass accl; if uses constructor 1 

AccClass acc2 ( 10 } ; // uses constructor 2 

AccClass acc3 ( 20, 750.5 1; // uses constructor 3 

cout « "Account Information*..* « endl; 

accl . display ( ) ; 

acc 2 . display C ) ; 

acc3 . display O # 

cout « "How much money is to be transferred from acc3 to accl: “ ; 
cin >> transjnoney; 

// transfer t r ans_money from acc 3 to accl 

acc 3 -MoneyTransfer ( accl , trans^money }; 

cout << “Updated Information about accounts . * * s « endl; 

accl * display C) ? 

acc2 * display (}; 

acc3 * display ( ) ; 

} 

Run 

Enter the account number for accl object; 1 
Enter the balance: 100 
Account Information,** 

Account number is: 1 
Balance is : 100 
Account number is; 10 
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Balance is; 0 
Account number is: 20 
Balance is: 750.5 

How much money is to be transferred from acc3 to accl : 200* 
Updated Information about accounts. , „ 

Account number is : 1 
Balance is: 300 
Account number is: 10 
Balance is ; 0 
Account number is: 20 
Balance is; 550.5 



In case of a class having multiple constructors, a constructor is invoked during the creation of an 
object depending on the number and type of arguments passed. The default constructor can also be 
defined along with other constructors, if necessary. The invocation of different constructors during the 
creation of an object of the class AccClass is shown in Figure 1 1 .5, 



class AccClass 
{ 



public; 



overloaded constructors 



, - ■►AccClass ( ) ; 

* — - ^►AccClass { int an )j 

y AccClass { int acval , 

/* 

\ it 



^ 'AccClass accl t 
^AccClass acc2 ( 10 } 
AccClass acc3 ( 20, 750, 5 



float bal J 




Figure 11.5: Constructor overloading 



In this program, whenever a new account is created, one of the three steps is chosen; 

* If no arguments are passed, then the program prompts the user for an account number and balance 
by invoking the no-argument constructor, AccClass { 1 . 

* If only an int argument, is provided, then the account number is initialized with the value passed as 
an input argument while, the balance is set to 0.0 by invoking the one-argument constructor 
AccClass { int ) . 

* If both an int as well as a float argument is provided, then the account number is set to the i nt 
value while the balance is set to the float value by invoking the two-argument constructor, 
AccClass (int , float). 

Differences between Constructors and Destructors 

The following are the differences between constructors and destructors; 

* Arguments cannot be passed to destructors. 

* Only one destructor can be declared for a given class as a consequence of the fact that destructors 
cannot have arguments and hence, destructors cannot be overloaded, 

* Destructors can be virtual, while constructors cannot be virtual. More details can be found in xht 
chapter Hriwrd Functions, 
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11.6 Order of Construction and Destruction 

The possibility of defining constructors with arguments, offers an opportunity to monitor (examine) the 
exact moment at which an object is created or destroyed during the execution of a program. This has 
been illustrated in the program, test2 ,cpp using the Test class. 

// test2. cpp: the class Test with a constructor and destructor function 
# include <iostream + h> 

#include <string + h> 
class Test 
( 

private : 

char *name; 

public: // 'public' function: 

Test!) ; // the constructor 

Test ( char *msg ); // one - a rgumen t constructor 

’Test ( } j 

}? 

Test;: Test [) // here is the 

{ // definition 

name = new charf strlen ( “unnamed" ) +1 ]? 
strcpy ( name, ■ unnamed " )i 

cout « "Test object 'unnamed' created" « endl; 

I 

Test i : Test { char *NameIn ) 

{ 

name = new chart strlen|NameTn}+l ]; 
strcpyC name. Name in ) ; 

cout « “Test object " « Name In « ■ created" « endl; 

) 

Test : : ’Test {) 

< 

cout «"Test Object * « name « " destroyed" « endl; 
delete name ; / / release memory 

) 

ft and here is the test program; 

Test g { “global " } ; f / global object 

void f unc ( ) 

{ 

Test 1 ( " func " ) ; ft local object in function func H 

cout « “here's function funcd “ << endl; 

} 

void main ( ) 

{ 

Test x ( “main* ) ; / / local object in function main 4 31 

func ( ) ; 

cout « “mainO function - termination" « endl; 

) 
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Run 

Test object global created 
Test object main created 
Test object func created 
here's function func ( ) 

Test object func destroyed 
mainO function - termination 
Test object main destroyed 
Test object global destroyed 

By defining objects of the class Test with specific names, the construction and destruction of 
these objects can be monitored . In the above program, global objects are created first, hence the 
statement 

Test g { "global ■ } ; 

creates the object g and initializes its member name to "global", in func H , the statement 
Test 1 ( ■ func" ) ; 

creates the local object 1 and initializes its member name to " func*. In main { ) , the statement 
Test ? // local object in function main ( ) 

creates the local object x and initializes its member name to "main" . 

Hie object which goes out of scope is immediately destroyed. In the above program, the function 
func ( > terminates first and hence, the local object 1 is destroyed first, which can also be observed 
from the program output Secondly, the object x is destroyed during the termination of the function 
mainO, Finally, the global object g is destroyed. When more than one object is created globally, or 
locally, they are destroyed in the reverse chronological order (object created most recently is the first 
one to be destroyed). 

11 .7 Constructors with Default Arguments 

Like any other function in C++, constructors can also be defined with default arguments. If any argu- 
ments are passed during the creation of an object, the compiler selects the suitable constructor with 
default arguments, The program complexl . epp illustrates the usage of default arguments during 
the creation of objects of the complex type class. 

// complex!, epp; default arguments to complex class 
# include <iostream.h> 

# include <math ,h> 
class complex 
{ 

private: 

float real; // real part of complex number 

float imag ; / / imaginary part of complex number 

publics 

complex!) // constructor 0 

{ 

real = imag « 0.0? 

> 



Copyrighted material 




37 § 



Mastering C++ 



complex l float real_in, float imag^in = 0*0 ) // constructorl 

{ 

real = rea l_in ; 
imag = imag_irt; 

> 

void show ( char *msg } // display complex number in x+iy form 

( 

cout << msg « real? 
if f imag < 0 ) 

coo t « “ - i * J 

else 

cout << ® + i i, i 

cout << fabs(imag) « end I ; 

} 

complex add C complex c2 } % / / Addition of complex numbers 

I; 

// temp * default object + c2 ; 

complex complex a add t complex c2 } // add default and c2 complex objects 

C 

complex temp? // object temp of complex class 

temp, real - real + c2.realj // add real parts 

temp . imag * imag + c2.imag? // add imaginary parts 

return { temp ) ; // return conplex object 

} 

wo id ma in ( } 

{ 

complex cl C 1.5, 2.0} i // uses Constructor! 

complex c2 { 2,2 ) ; // uses constructor! with default imag value 

complex c3; // uses cons true t or 0 

cl * show f “cl - “ ) ; 
c2 . show ( 'c2 * ■ > i 

c3 = cl*add{ c2 S? N add cl and c2 assign to c3 

c3,show( *c3 = cl. add { c2 ): " ) ; 

) 

Bm 

cl - 1.5+12 
c£ = 2*2+i0 

c3 =■ cl.addC c2 ); 3 . 7+i2 

The constructor complex { ) T in the class complex is declared as 

complex { float real_in, float imag_in = 0.0 ) // constructor! 

The default value of the argument iraag_in is zero. Then, the statement in main {) , 
complex c2 { 2 * 2 ) ; 

passes only one parameter explicitly to the constructor. The compiler treats this statement as T 
complex c2{ 2.2, 0,0 } ; 

by assuming the second argument to have default argument value (image_in e 0*0) specified at 
tte declaration of the constructor* However, the statement, 
complex cl ( 1,5# 2.0); 
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void main ( ) 

I 

X c; if Error: This leads to errors as courtlier will not be 

f i able to decide which constructor should be called 
X cl (4) r // OK 

1 

Trying to create an object of the class X without any arguments, w ill cause an error as two different 
constructors satisfy the requirement. Hence, the statement, 
x c } 

causes the ambiguity whether to call X s s X O or X : : X { int i = G ) . In this Jf the default constructor 
is removed* the program works properly. 

11.8 Nameless Objects 

C++ not only supports the creation of named objects, but also the creation of unnamed objects. In the 
object creation statement, the name of an object need not be mentioned. The general format for instan- 
tiating nameless objects is shown in Figure I J .7, 

class name [ j arg u ments to constructor ! 

ClassNcune ( arguments ) ; 

Figure 11.7: Syntax of creating nameless objects 

In the above syntax* the name of the object is not mentioned, However* the method of passing 
M'guments to a constructor, and the procedure for creating the nameless object is similar to the proce- 
dure for creating named objects. Passing arguments to an object is optional and if no-arguments are 
mentioned, a default constructor of the class is invoked. If arguments are mentioned in the object 
creation statement, C++ invokes a constructor of the class that matches with the argument types. After 
execution of the constructor, nameless objects are immediately destroyed and the destructor of the 
class is invoked as a part of the object cleanup activity. Hence, the scope of a nameless object is limited 
only to the statement in which it is created. 

The feature of nameless object creation is useful in functions returning an object. The program 
nonaiae . cpp demonstrates the creation of nameless objects. 

// noname. cpp: Nameless object creation 
# include <iostream.h> 
class nameless 
{ 

int a; 
public i 

nameless ( ) 

t 

cout << 'Constructor* « endl; 

> 
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-nameless ( } 

{ 

cout « "Destructor - « endl? 

} 

It 

void mainO 
( 

nameless U? // nameless object is created as well as destroyed here 
nameless nlj 
nameless n2i 

cout << "Program terminates* « endl ; 

} 



Run 

Cons true tor 
Destructor 
Cons true tor 
Constructor 



< — namelessf) 

< — nameless() 

< — nameless nl{) 
< — nameless n2() 



Program terminates 

Des true tor < — during program termination 

Des true tor < — during program termination 



From the output it is observed that the first two output statements are generated by the statement 
nameless t ) i // nameless object is created as well as destroyed here 
It can be observed that, a nameless object is created and destroyed at the same point. But this is not the 
case with named objects. The statements, 
nameless nl; 
nameless re- 
create the named objects nl and n2 and they are destroyed during the termination of the program. 



11.9 Dynamic Initialization through Constructors 

Object's data members can be' dynamically initialized during runtime, even after their creation. The 
advantage of this feature is that it supports different initialization formats using overloaded construc- 
tors. It provides flexibility of using different forms of data at runtime depending upon the user's need. 

Consider an example of naming persons, Some persons have only the first name {person name), 
some have the first and second name (person name and surname), and others have all the three (person 
name, surname, and third name). The program name , epp illustrates the use of objects for holding 
names and constructing them at runtime using dynamic initialization. 

// name.cpp: object with different name pattern 
•include <iostream.h> 

•include <string.h> 
class name 
{ 

private : 

char first! 15 Jj // first name 
char middle [15] ; U middle name 
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char last [151; // last name 

public : 

name ( } // cons tructorO 

{ 

// initialize all string pointers to NULL 
first [OJ = middle [0] = last[0] = 1 \0 1 j 

} 

name ( char *FirstName } } / f constructor! 

name f char *FirstName, char *MiddleName ); // constructor 

// constructor! 

name ( char *FirstName, char *MiddleName* char # LastName ) ; 
void showf char *msg }; 

}» 

inline name:: name I char *FIrstName ) 

{ 

strcpy f first, FirstName > ; 

middle [O J - last[0] - 1 \0 r ; / / Others to NULL 

) 

inline name:: name ( char *FirstName, char *KiddleMame ) 

I 

Strcpy f first , FirstName ) ; 
strcpy! middle* MiddleName ) ; 

last [0]= ‘VO 1 ; // others to NULL 

) 

name : ;name ( char *FirstName, char *MiddleName* char *LastName ) 

( 

strcpyl first, FirstName ) ; 
strcpy ( middle* MiddleName ) ; 
strcpyl last, Last Name 

} 

void name:: show{ char *msg ) 

{ 

cout « msg « endl ; 

cout << 41 First Name: * « first « endl; 
iff middle ( 0 ] ) 

cout « "Middle Name: * << middle << endl; 
if ( last [ 0 ] ) 

cout « M Last Name: * << last << endl; 

} 

void main ( I 
{ 

name nl , n2 * n3; // cons tructorO 

nl - name! "Hajkumar" }; // constructor! 

n2 = name f "Savithri w , " S" } i // constructors 

n3 = name f "Venugopal", *K* , m R* ) ; // constructors 

nl . show { "First person details. *. " ); 
n2 , show I “Second person details. . , * ) ; 
n3. showf “Third person details. *. ■ ); 
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Run 

First person details , . , 

First name: Rajkumar 
Second person details . , „ 

First Maine: Savithri 

Middle Mame: S 

Third person details » , T + 

First Maine: Venugopal 
Middle Mame: K 
Last Name: R 

The program has four constructors. The arguments to the last three constructors are passed during 
runtime. The user input is used to initialize the name class's objects in one of the following form: 

* No name a! all: default constructor (constructor!)) is invoked 

* The first name: constructor! is invoked 

# The first and second name: constructor^ is invoked 

♦ The first, second, and third name: constructor 3 is invoked 

The compiler selects an appropriate constructor while creating objects by choosing one that matches 
the input values. For instance, in the situation 

n2 = name { "Savithri", h S # ) ; // construe tor 2 

the compiler selects the two argument constructor 

name { char ^FirsfcName, char *MiddleName ) ; // cons true tor 2 

which matches the call for initializing the object n2’s data members. 

11.10 Constructors with Dynamic Operations 

A major application of constructors and destructors is in the management of memory allocation during 
runtime. It will enable a program to allocate the right amount of memory during execution for each object 
when the object's data member size is not the same. Allocation of memory to objects at the time of their 
construction is known as dynamic construction. The allocated memory can be released when the object 
is no longer needed (goes out of scope) at runtime and is known as dynamic destruction. The program 
vectorl . epp shows the use of new and delete operators during object creation and destruction 
respectively. 

/ / veetorl.epp: vector class with array dynamically allocated 
♦include <iostream.h> 
class vector 

f 

int *v ; // pointer to a vector 

int sz j // size of a vector 
public s 

vector! int size 1 // constructor 

sz = size i 

v - new int[ size )? // dynamically allocate vector 

} 
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i nit ializes one object with another object during definition. The data members of v2 are copied member- 
by- mem ben into v3, It is the default action performed by the copy constructor. The statement, 

vector v3 ( v2 ) 

is treated in the same way as the statement, 
vector v3 = v2j 
by the compiler. 

The default actions performed by the compiler are insufficient if data members of an object are 
dynamically changeable. It can be overcome by overriding these default actions. The program 
vector 2 . epp illustrates the concept of overriding default operations performed by an user-defined 
copy constructor 

// vector2,cpp: copy constructor for vector elements copying 
# include <iostream.h> 
class vector 

C 

int * v; // pointer to vector 
int sizei // size of vector v 
publ ic : 

vector ( int vector_size 1 

{ 

size = vector_si ze ; 
v = new int [ vector^size J % 

} 

vector ( vector &v2 )| 

-vector ( ) 

{ 

delete v; 

) 

int a elen ( int i ) 

if( i >= size ) 

( 

cout « endl « "Error: Out of Range " ; 
return -1/ // illegal access 

) 

return v[i ] ; 

) 

void showO ; 

}; 

// copy constructor, vector vl = v2; 
vector :: vector ( vector &v2 ) 

I 

cout « a \nCopy constructor invoked" ; 

size = v2.size: // size of vl is equal to size of v2 

v = new int ( v2 .size ]; // allocate memory of the vector vl 

fort int i = 0; i < v2 .size; i++ ) 
v(i] = v2 . v [ i ] ; 
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♦ A constructor with parameters allocates the right amount of memory resources. - 

# A destructor releases all the allocated memory. 

11.11 Copy Constructor 

The parameters of a constructor can be of any of the data types except an object of its own class as a 
value parameter. Hence declaration of the following class specification leads to an error. 

class X 
{ 

private : 



public* 

X ( X obj ); ff Error: obj is value parameter 



}; 

However, a class’s own object can be passed as a reference parameter. Thus the class specification 
shown in Figure 1 1 .8 is valid 



class 

( 



public; 

X(J 

X( X &obj > 
X { int a 3 ; 



f reference to an object of the class X 



copy constructor 



Figure 1 1 .8: Copy const ru ctor 

Such a constructor having a reference to an instance of its own class as an argument is known as copy 
constructor. 

The compiler copies all the members of the user-defined source object to the destination object in 
the assignment statement, when its members are statically allocated. The data members, which are 
dynamically allocated must be copied to the destination object explicitly. It can be performed by either 
using the assignment operator, or the copy constructor. Consider the following statements, 
vector vl { 5 ) , v2 ( 5 > ; 
vl = V2 ; // operator * invoked 

vector v3 = v2; // copy constructor is invoked 

Assuming that vl and v2 are the predefined objects of the class vector. The statement 
vl = v2| 

will not invoke the copy constructor even though vl and v2 are the objects of class vector. It must 
cause the compiler to copy the data from v2, mem be r-hy -member, Into vl. This is the task of the 
assignment operator. For more details on assignment operator overloading refer to the chapter on 
Operator Overloading. The next statement, 
vector v3 = v2; 
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11.12 Constructors for Two-dimensional Arrays 

A class can have multidimensional arrays as data members. Their size can be either statically defined or 
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constructing a matrix of size MaxRow x MaxCol. It has member functions to perform various matrix 
operations such as addition, subtraction, etc. The destructor releases memory allocated to the matrix 
whenever an object of the class matrix goes out of scope. 

/ / matrix.cpp: Matrix manipulation class with dynamic resource allocation 
# include <iostream. h> 

# inc lude cprocess . h> 
const int TRUE = 1; 
const int FALSE = 0; 
class matrix 
{ 

private : 

int MaxRow? // number of rows 

int MaxCol? if number of columns 

int **p; ff pointer to 2 dimensional array 
public : 

matrix { } 

{ 

MaxRow = 0? MaxCol =0? 
p * NULL; 

} 

matrix ( int row r int col ) ; 

^matrix ( J ; 
void read { ) ; 
void ahow(); 

void add ( matrix fca, matrix &b } ; 
void sub I matrix matrix &b >; 
void mul| matrix &a, matrix Sib }? 
int eql £ matrix leb ) ; 

}; 

matrix: : matrix t int row, int col ) / / constructor 

C 

MaxRow = row; 

MaxCol = col; 

p ■ new int *| MaxRow | j if dynamic allocation 
fori int 1 = 0? i < MaxRow; i++ ) 
p[i] = new int [ MaxCol 1? 

* 

matrix: : -matrix! ) // destructor 

{ 

fori int i * 0; i < MaxRow; i++ } 
delete p [ i } ? 
delete p; 

} 

// addition of matrices, c3.add{cl f c2) ; c3 - cl+c2 
void matrix:: add ( matrix &a, matrix &b ) 

{ 

int i , j; 

MaxRow = a . MaxRow ; 

MaxCol - a. MaxCol; 
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if ( a.MaxRow ! =■ b. MaxRow | | a. MaxCol 1= b.MaxCol ) 

£ 

Gout << ■ Error: Invalid matrix order for addition"; 
exit ( 1 h 

> 

fori i * 0; i < MaxRow; i++ I 
fori 1 e 0; j < MaxCol; j++ ) 

p [13 [ j ] =a.p[iJLjJ + b,p[i] [ j ] ; 

} 

/ / summation of matrices, c3xSubEcl, c2| ; e3 = cl-c2 
void matrix: :sub( matrix matrix kb } 

£ 

int i ( j? 

MaxRow = a.MaxRowi 
MaxCol " a ♦ MaxCol; 

if ( MaxRow != b. MaxRow || MaxCol 1= b.MaxCol ) 

£ 

cout « "Error: Invalid matrix order for subtraction"; 
exit ( 1 J ; 

) 

for| i = 0 ; i < MaxRow; i++ ) 
for( j w 0; j < MaxCol; j + + ) 

pl if I j ? s a . p [ i ] | j J - b.plilEjJ; 

} 

// multiplication of matrices, c3»mul(cl, cl) t c3 = cl*c2 
void matrix: tmuli matrix &a, matrix Seb ) 

£ 

int i , j # k i 
MaxRow * a. MaxRow; 

MaxCol = b.MaxCol; 

if ( a . MaxCol J= b. MaxRow ) 

C 

cout << "Error: Invalid matrix order for multiplication" ; 
exit ( 1 J ; 

3 

fort i = 0; i < a . MaxRow; i++ ) 
fori j =■ 0; j < b.MaxCol; j++ 1 
{ 

Plilljl = 0; 

fori k s 0; k < a. MaxCol ; k++ ) 

p[i] [ jl += a.p [i3 £k) *b.p[k][j]j 

} 

} 

// compare matrices- 

int matrix: :eql£ matrix &b ) 

t 

int i ( ji 

fori i = 0; i < MaxRow; i++ ) 
fori j - 0; j < MaxCol; j++ > 
iff p [ i 1 [ j J 1= b , p [ i ] [ j I ) 
return 0; 
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d - show { J i 

matrix e ( m, q ) ; 

e . mu 1 ( a , b ) ; 

cout << end! « *E - A * 

e , show ( ) ; 

cout « endl « Mis matrix A equal to matrix B) ? ■ i 
if ( a . eql ( b ) ) 

cout << "Yes’*; 
els® 

cout << "No* | 

> 

Bun 

Enter Matrix A details. . , 

How many rows ? ,1 
How many columns ? 1 
Matrix [0, 0] » ? 2 
Matrix [0 , 11 = ? 2 
Matrix[0,2] - ?2 
Matrix [1, OJ = ? 2 
Matrix [1 P l! = ? 2 
Matrix [1,2] =* ? 2 
Matrix [2 ( 0] = ? 2 
Matrix [2,1] = ? 2 
Matrix [2,2] = ? 2 
Enter Matrix B details . . . 

How many rows ? 2 
How many columns ? 2 
Matrix [0,0] = ? 1 
MatrixtO, 1] = ? i 
Matrix [0 , 2 ] = ? 1 
Matrix [ 2 „ 0 1 = ? 1 
Matrix[l, 1] = ? 1 
Matrix [1*2] ^ ? 1 
Matrix [2 , 0 ] = ? 1 
Matrix [2,1] = ? 2 
Matrix [2, 2] = ? 1 
Matrix A is * . * 

2 2 2 

2 2 2 

2 2 2 

Matrix 1 is * * * 

111 

111 

111 

C - A + B. . 

3 3 3 

3 3 3 

3 3 3 

T 3 = A - S . . , 
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ill 

ill 

ill 

E = A * B. * , 

6 6 6 
6 6 6 
6 6 6 

(Is matrix A equal to matrix B> 1 No 

class matrix 
{ 

private: 

int**pr if point to matrix 



public : 

matrix ( ) 
{ 




sizeof ( int* } sizeof ( int} =2 bytes 



= 2 bytes, near pointer 
= 4 bytes, far pointer 

Figure 11 Jir Constructor creating matrix dynamically 

Hie constructor first creates a vector pointer to a list of integers of size MaxRow, It t ben allocates 
an integer type vector of size MaxCoi pointed to by each element p[i]. Figure 11.9 shows the 
allocation of memory for the elements of a matrix whose size is MaxRow x MaxCol dynamically. 
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11.13 Constant Objects and Constructor 

C++ allows to define constant objects of user-defined classes similar to constants of standard data 
types. The syntax for defining a constant object is shown in Figure 1 1.10. 



ClassName const ObjectName (parameter) 

Figure 11.10: Constant object creation 

The data members of a constant object can be initialized only by a constructor, as a part of object 
creation procedure. Once a constant object is created, no member functions of its class can modify its 
data members. They can only read the contents of the data member. Such data members are termed as 
read-only data members and the object is termed as constant, or read-only object. The const objects 
behave like a ROM (Read Only Memory) of a computer. In such a memory, the data is stored during their 
fabrication, like constant objects are initialized only by a constructor during its creation. It is illustrated 
in the program per soil. epp, 

// person, epp: person class with const member functions 
# include < lost ream, h> 

# include <string.h> 
class Person 

private : 

char "name; // name of person 

char * address; // address field 

char * phone? // telephone number 

public ; 

Person! char *NameIn, char * Address In r char *PhoneI» ) $ 

‘-Person C ) ; 

// functions to set fields 

void Person * % changename ( char const *NameIn I; 
ft functions to inspect , fields 
char const *getname fvoid) const; 
char const *getaddr ess (void) const; 
char const *getphone (void) const; 

}J 

f / cons true t or 

void Person: : Person ( char *NameIn, char * Address In, char "Phoneln ) 

{ 

name - new chart strlen! Name In )+!]; 
strepyt name. Name In ) ; 

address - new charE strlent Address In 1+1); 
strcpyC address. Address In ); 
phone = new char I strlenf Phoneln J +1] ; 
scrcpy( phone, Phoneln ); 

1 
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// destructor, release memory allocated to class data members 
inline void Person : : -Person { ) 

{ 

delete name; 
delete address; 
delete phone; 

) 

if interface functions get. . . {} 
inline char const * Person: : get name { ) const 
{ 

return name; 

} 

inline char const * Person getaddress f ) const 

f 

return address; 

) 

inline char const * Person: ;getphoneU const 

{ 

return phone; 

} 

void Person: : chang ename { char const * Name In ) 

{ 

i f { name ’) 

delete name; 

name * new char[ strlenl Name In )+l ]; 
strcpyf name* Name In ) ; 

) 

void printperson C Person const &p ) 

i 

if ( p,getname() 1 

cout << "Name : ■ << p . getname { ) « endl ; 
i f ( p . getaddress ( ) ) 

cout << “Address : • << p . getaddress U « endl ; 
if( p,getphoneH ) 

cout << “Phone : H << p „ getphone { } « endl; 

> 

void mainO 
{ 

Person cons t me (" Raj kumar ■, “E-mail ; ra j Sedacb. ernet . in* , 
" 91 - 080 - 5584 271 ") ; 
printperson ( me J ; 

Person you( “XYZ", “-not sure-* , "-not sure-" ); 
cout << "You XYZ by default.,*" << endl; 
printperson ( you \ ; 
you . changename ( "ABC" ); 

cout « “You XYZ changed to ABC « endl; 

printperson ( you 1; 

} 

Bm 

Name * Raj kumar 

Address: E-mail: raj #cdacb . ernet . in 
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Phone : 91-080-5584271 
You XYZ by default. - . 

Maine i XYZ 
Address : -not sure- 
Phone ; -not sure- 
You XYZ changed to ABC . . . 

Marne : ABC 
Address : -not sure- 
Phone s -not sure- 

Thc above program shows how a constant object of the class Person can be defined. At the point 
of the definition of an object, the data fields are initialized (this is the action of the constructor). 
Following the definition. 

Person const me { * Raj kumar " , " raj ftcdacb, ernet . in" # M 91-080-5584271 ■ 5 ; 
it would be illegal to try to redefine the name, address, or phone number for the object me; hence, the 
statement 

me . setname ( 'Bill Gates" }i 

would not be accepted by the compiler. Generally, it is a good habit to define objects and member 
functions, which do not modify their data as constant type, 

11 .14 Static Data Members with Constructors and Destructors 

Each object of a class has its own public or private data members, which are accessible only to its 
member functions. In certain situations, it is desirable to have one or more common data fields, which 
are accessible to all the objects of the class. An example of such a situation is to keep track of the status 
of haw many objects of a class are created and how many of them are currently active in the program. 
Based on the number of objects present, some specific initialization has to be performed; only the first 
object of the class would then perform the initialization and set the flag to done. 

The use of static data members with constructors and destructors is illustrated by the program 
graph . cpp. It has a class called Graphics, which defines the communication of a program with a 
graphics device (such as EGA or VGA screen). The initial preparation of the device, i,e„ switching from 
text mode to graphics mode, is an action of the constructor and depends on a static flag variable 
nobjects^ The variable nobjects simply counts the number of objects of the class Graphics 
present at that time. Similarly, the destructor of a class may switch back from graphics mode to text mode 
when the last graphical object ceases to exist, 

t / graph, epp; keeps count of how many objects are created 
# include <iostream.h> 
class Graphics 
l 

private: 

if counter of number of objects 
static int nobjects: 

// hypothetical functions to switch to graphics 
/ i mode or back to text mode 
void s e t gr aphi c smode {) 

O 
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void settextmode () 

{) 

public : 

// constructor, destructor 
Graphics {}; 

-Graphics {} ; 

//ocher interface is not shown here, to draw lines, or circles etc, 
int gec_count ( } const 
( 

return nobj ects; 

1 

); 

// the cons erne tor 
Graphics : : Graphics O 
{ 

if I! nobj ects) 

setgraphicsTnode { ) ; 
nobjects ++- 1 

} 

// the destructor 
Graphics : : -Graphics { ) 

( 

nobj sets—; 
if ( ! nobjects > 
settextmode { ) $ 

} 

void my_f unc { ) 

C 

Graphics obj; / / nobject is incremented by its constructor 
cout« # \nNo . of Graphics Object's while in my_f unc = ■ <<obj . get_count U ; 
} // obj goes out of scope, destructor is called 

// the static data member 

ist Graphics: mobjecti a 0 | / /global i if not defined generates linker error 

void main ( } 

{ 

Graphics obj 1 ; 

cout« fc No . of Graphics Object's before my_func = *«obj 1 „ get_count O % 
my_f unc ( > ; 

cout<< w \nNo . of Graphics Object's after my_func = *«objl , get„count ( ) ; 
Graphics obj 2, obj 3* obj 4; 

cout<< * \nValue of static member nobj ec ts after all 3 more object^. . 
cout << *\nln objl = * << obj 1 , get_counfe O ; 

COUt << - \nln obj 2 * * « obj 2 . get_count f ) ; 

cout << "\nln obj 3 = * << obj 3 . get_count O t 

cout « ■ \nln obj 4 ^ w « obj 4 , get_count { ) ? 

} 

/?un 

No. of Graphics Object's before my„func = 1 
No. of Graphics Object's while in my^func ~ 2 
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No. of Graphics Object's after my_func = 1 

Value of static member nobjects after all 3 more objects. *. 

In objl - 4 
In obj2 = 4 
In obj3 * 4 
In obj4 = 4 

The purpose of the variable nobjects is lo count the number of objects of the class Graphics, 
which exist at a given time. When the first object is created, the graphics device is initialized. When the 
Iasi object is destroyed, the switch from graphics mode to text mode is made. The statement 
int Graphics: : nobjects = 0; 

defines and initializes the static data member. Lf this statement is missing, the linker will generate the 
error: undefined Graphics :: nob j ects symbol. 

It is obvious that when the class Graphics defines more than one construe tor, each constructor 
would need to increment the variable nobjects and possibly would have to initialize the graphics 
mode. The constructor 

Graphics : : Graphics { } 

increments the variable nobjects by one and the destructor 
Graphics 1 1 -Graphics f > 

decrements the variable nob j ects by one. Therefore, for every object created, the variable nob j ects 
is incremented by one and whenever an object of the class Graphics goes out of scope, the variable 
nobjects is decremented by one. 



11.15 Nested Classes 

The power of abstraction of a class can be increased by including other class declarations inside a 
class. A class declared inside the declaration of another class is called nested class. Nested classes 
provide classes with non -global status. Host and nested classes follow the same access rules For 
members that exist between nonnested classes. Nested classes could be used lo hide specialized 
classes and their instances within a host class. 

A member of a class may itself be a class. Such nesting enables building of very powerful data 
structures. The Student class can be enhanced to accommodate the date of birth of a student. The 
new member data type date is a class by itself as shown below; 
class Student 
{ 

private : 

int roll_no; 
char name [25 ] ; 
char branch {151 ; 
int marks ; 
public i 

class date 

t 

int day; 
int month; 
int year; 
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(a) Constructors must be explicitly invoked. 

(b> Constructor defined in private section are useful, 

(c) Constructors can return value. 

(d) Destructors are invoked automatically. 

(e) Destructors take input parameters, 

(f) Destructors can be overloaded. 

(g) Constructors cannot he overloaded. 

fh) Constructors can take default arguments. 

(i) Data members of nameless objects can be initialized using constructors only, 

(j) Constructors can allocate memory during runtime, 

(k) A class member function can lake its classes objects as value arguments, 

(t) Constant objects can be initialized by using constructors only, 

(m) Data members of a class can be initialized at the point of their definition, 
f 1 ,7 Consider a c lass c a I led My Array having pointer to i ntegers as its data member. Its o bjeets must 

appear like arrays, but they must be dynamically re-sizable. Write a program to illustrate the use 
of constructors in My Array class, 

11.8 Write a program to model Time class using constructors, 

11.9 Distinguish between the following two statements: 

String mameC "Smrithi* ); 

String name = * Smrithi*; 

11.10 Declare a class called String, It must have constructors which allow definition of objects in 
the following form: (The class String has data member str ©f type char *) 

String name! ; // str points to NULL 

String name 2 = "Mi no*; // one “argument constructor is invoked 
String name 3 « name2 ; / /one- argument constructor taking String object 

Write a program to model String class and to manipulate its objects, The destructor must release 
memory allocated to the str data member by its counterpart 

11.11 Create a class, which keeps track of the number of its instances. Use static data member, con- 
structors, and destructors to maintain updated information about active objects. 
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12.1 Introduction 

C++ lakes the middle ground between languages (such as C and Pascal) which support dynamic 
memory allocation (discussed in the chapter Pointers and Runtime Binding ) and languages (like lava), 
in which all variables are dynamically allocated. C++ supports creation of objects with scoped lifetimes 
( stack- based objects) and with arbitrary lifetimes (heap- based objects). Stack-based objects are man- 
aged by the compiler implicitly, whereas heapbhased objects are managed by the programmers explicitly. 

C++ is different from C because it not only allocates memory for an object, but also initializes them. 
Thus when a dynamic object is created, it creates a live object . and not just a chunk of memory big 
enough to hold the object. It is initialized with necessary data at runtime. Unlike dynamic memory 
aJ location which just allocates memory, dynamic object creation supported by C++ allocates and initial- 
izes objects at runtime. 

A class can be instantiated at runtime and objects created by such instantiation are called dynamic 
objects. The lifetime of dynamic objects in C++ (which is allocated from heap memory — the free store) 
is managed explicitly by the program. The program must guarantee that each dynamic object is deleted 
when it is no longer needed, and certainly before it becomes garbage, (There is no garbage collection in 
standard C++, and few programs can afford to produce garbage.) For each dynamic allocation, a policy 
that determines the objects's lifetime must be found by the programmer and implemented. These poli- 
cies used in managing dynamic objects will be discussed at the end of this chapter. Hie lifetime of an 
object in C++ is the interval of time it exists by occupying memory. Creation and deletion of objects as 
and when required, offers a great degree of flexibility in programming. 

Objects with scoped lifetimes are created in the stack memory. Stack memory is a store house which 
holds local variables or objects, and whenever they go out of scope, the memory allocated for them in 
the stack is released automatically. Objects with arbitrary lifetimes are created in the heap memory. 
These dynamic objects can be created or destroyed as and when required, explicitly by the programmer. 
The operators new and delete used with standard data type variable's management can also be used 
for creating or destroying objects at runtime respectively. 

12.2 Pointers to Objects 

The C++ language defines two operators which are specific for the allocation and deallocation of 
memory. These operators are new and delete. The new operator is used to create dynamic objects 
and delete operator is used to release the memory allocated to the dynamic object by the new 
operator. A pointer to a variable can be defined to hold the address of an object, which is created 
statically or dynamically. Such pointer variables can be used to access data or function members of a 
class using the * or operators. 
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Pointer to Object Definition 

Pointers can be used to hold addresses of objects Just as they can hold addresses of primitive and user- 
defined data items. The need for using pointers to objects becomes clear when objects are to be created 
while the program is being executed, which is an instance of dynamic allocation of memory. The new 
operator can also be used to obtain the address of the allocated memory area besides allocating storage 
area to the objects of the given class. Thus, the address returned by the new operator may be used to 
initialize a pointer to an object. 

The general format for defining a pointer to an object is shown in Figure 1 2*1. which is similar to the 
way in which pointers to other data types are declared and defined. A pointer can be made to point to 
an existing object, or to a newly created object using the new operator The address operator & can he 
used to get the address of an object, which is defined statically during the compile time. In the following 
statement 

ptr_to_obj ect ■ & object ; 

The k operator in the expression & object returns the address of the object and the same is 
initialized to a pointer variable ptr_to_ob j ect. 




ClassName * ptr^to_obj ect ? 



address of a statically created object 

1 / : 

ptr_to_object = ^object; 



object created dynamically 
ptr_to_ob j ec t * new Class Name; 

Figure 12*1: Syntax of defining pointer to object 
Accessing Members of Objects 

In order to utilize a pointer to an object, it is necessary to have some means by which the members of 
that object can be accessed and manipulated. As in the case of pointers to structures, there are two 
approaches to referring and accessing the members of an object whose address resides in a pointer. The 
operator -> can also be used to access member of an object using a pointer to objects. The expression 
to access a class member using pointer is as follows: 
pointer_to_object -> mentis r_name 

or 

* po int er_to_ob j set . merabe rename 

The member to be accessed through the object pointer can be either a data, or fun c lion member (sec 
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ObjeCtl + £ilQW{ ) 3 

cout « “Accessing object through ptr->show{ ) # * « endl? 

ptr->show( } $ // it can be *ptr . show ( ) ; 

) 

Run 

Constructor someclassU is invoked 
Accessing object through objectl .showO 
datal = 1 data2 ■= a 

Accessing object through ptr->showU - . . 

data! = 1 data2 = A 

Destructor ~£aineclass { ) is invoked 



In main 0 , the statement, 
ptr ■ &objecti| 

assigns the address of the object objectl of the class someclass to the pointer ptr. 'Hie state- 
ment 

ptr->show { ) ; 
or 

*ptr .showO 

invokes the member function showf } of the object pointed to by the pointer ptr. It points to the 
objectl, and hence executes the function show{) of the respective class. 

Creating and Deleting Dynamic Objects 

A dynamic object can be created by the execution of anew operator expression. The syntax for creating 
a dynamic object using the new operator is as follows: 
new Class Name 

It returns the address of a newly created object. The returned address of an object can be stored in a 
variable of type pointer to object (p t r_t o_ob j ec t ) as follows: 
ptr_jo_object - new ClassName; 

While creating a dynamic object, if a class has the default constructor, it is invoked as a pan of object 
creation activity . Once a pointer ts bolding the address of a dynamic object, its members can be 
accessed by using -> operator. 

The entity that executes the new expression is the dynamic object’s creator. The creator may be a 
(member) function, an object, or a class. The creator of a dynamic object must be in a position to fully 
determine the object’s lifetime, The creator cannot be inferred from the source code alone. Although, 
the creator is determined by the intent of the programmer, the language constrains the choice. In the 
program ptrobj 1 , cpp* the function main ( ) is the creator of the object pointed to by variable 
ptr_to^object and hence, it is responsible for destroying it 

The syntax of the delete operator releasing memory allocated to dynamic object is as follows: 
delete ptr_to_object: 

It destroys the object pointed lo by ptr_to_object variable. It also invokes the destructor of the 
class if it exists as a part of object destruction activity before releasing memory allocated to an object 
by the new operator. 
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These data can he referenced by other member functions of its class. The statement 

ptr->show{ ) ; 

invokes the member function show { ) of the object pointed to by the pointer variable ptr. It points to 
the object of the class someclass and hence, executes its member function show ( ) as illustrated in 
Figure 12.3. 

When the dynamic object pointed to by the variable ptr goes out of scope, the memory allocated 
to that object is not released automatically. It must be performed explicitly as follows: 
delere ptr; 

The above statement releases the memory allocated to the dynamically created object by the new 
operator In addition to this, it also invokes the destructor function -someclass t ) to perform cleanup 
of resources allocated to the object's data members. In this class, object data members are not allocated 
with any resources dynamically and hence, no need to release them explicitly. 



class someclass 
C 

» void showU ; 

b 

someclass 

some class obj 1 ; 
someclass ob j 2 ; 

ptr = fcobjl; 



ptr = &obj 2 ; 




ptr m new someclass; 
- - - ptr^>show(); 





obj 1 
obj 2 















Figure 1Z3: Object pointers and dynamic binding 



Copyrighted material 










406 



Mastering C++ 



Whenever it is necessary to determine the size of the memory area allocated to an object by the new 
operator, the sizeof operator may be used. For instance, the expression sizeof fsom^classl 
returns the number of bytes required for the creation of an object of the class someclass. 



Dereferencing Pointers 

As the new operator returns a pointer to an area of memory that holds an object, it should be possible 
to refer to the original object by dereferencing the pointer. This method of memory allocation requires 
the use of both, the indirection operator • and the reference operator The general format for such a 
declaration is shown in Figure 12.4, 



data indirection operator 




dynamic allocation 

“ 1 / 



DataType & Ref erenceVar= + (new 



Data Type ) ; 



Figure 12*4; Syntax of dereferencing pointers 



Such reference variables can be used like other variables without any special mechanism. The 
program us ere £ * epp illustrates the concept of binding reference variables at runtime. 



if useref.cppr Illustrates a variant usage of reference operator 
# include < lost ream, h> 
void main (void) 



{ 



) 



int & 


tl 


- * ( new int ) ; 


Int t 2 . 


tl; 


tl = 


tl 


* 5; 


t2 = 


10 ; 




tl a 


tl 


+ t 2 ; 


cout 


« 


■ Sum of * << t3 


CQUt 


« 


* and " << t 2 ; 


cout 


<< 


rt is 5 " << tl? 



// Declares an integer variable using new 
// Regular int definitions 



/ / Display old value af tl 
// Prints sum of tl and t2 



Run 

Sum of 5 and 10 is i 15 



Observe that the variable 1 1 in the program is a variable of type reference to an integer. Also, the 
pointer returned by new is dereferenced, * {new int) , in order to refer to the original integer object 
which is finally associated with the reference variable tl. In the case of reference variables to class 
objects or structures, the members are accessed with the usual dot membership operator. 



Reference to Dynamic Objects 

The address of dynamic objects returned by the new operator can be dereferenced and reference to 
them can be created as follows: 

ClassName iRefObj ■ * (new ClassName} ; 

The reference to object Ref Ob j can be used as a normal object; the memory allocated to such objects 
cannot be released except during the termination of the program. The program re fob j . epp illus- 
trates the dereferencing of objects using reference pointers. 
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released except during the termination of the program, The statement 
sl.setdatat lj *Savithri" ) ,• 

accesses the member set data ( } in the same way as normal objects accesses. The statement 
student &s4 = sir 

creates the reference to normal object with the name s4 , Note that, reference objects are accessed in the 
same way whether normal, or dynamic type objects. 



12.3 Live Objects 

The operator new allocates memory big enough to store an object and initializes it with the required 
data. Objects created dynamically with their data members initialized during creation are known as live 
objects. To create a live object, constrictor must be invoked automatically which performs initialization 
of data members. Similarly, the destructor for an object must be invoked automatically before the 
memory for that object is deallocated. The syntax for creating a live object is as follows: 
ptr_to_object * new ClasaNamet parameters ) 

A class whose live object is to be created must have atleast one constructor. The number of 
parameters passed specified at the point of creation of dynamic objects can be zero or more. If no 
arguments are specified, the default constructor (constructor with zero arguments} will be invoked 
automatically. If a class has more than one constructor, the constructor that matches with the param- 
eters specified is invoked for initialization of the dynamic object Note that there is no special syntax for 
releasing memory allocated to the objects, which are created and initialized by passing parameters. 
Hence, the syntax for destroying live objects is the same as that of normal dynamic objects. 

The program s tudent3 * cpp illustrates the creation of live objects and their manipulation, It has 
a class called student having three constructor functions for initializing static or dynamic objects. The 
information required for initializing some dynamic objects is passed as parameters and some are initial- 
ized with information read at runtime. 

if student3xpp: manipulation of live objects 
# include <iostream.h> 

# include <string.h> 
class student 
f 

private : 

int roll_no; ft roll number 

char *name; // name of a student 

public: 

// initializing data members using constructors 
student O // constructor 0 

i 

char flag, str[50]; 

cout « *Bo you want to initialize the object (y/n ) i H ; 
cin >> flag; 

if { flag == , y l || flag == ) 

{ 

cout « "Enter Roll no, of student: 1 j 
cin >> roll„no; 
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cout « “Enter Name of student r ■; 
cin » strr 

name = new chart strlen !str ) +1 ]i // dynamic initialisation 
strcpy { name, str ); 

) 

else 

( 

rol l_no * 0; 
name « MULL ; 

) 

} 

student! int roll_no_in i // constructor 1 

{ 

roll_.no = rol l_no_in ; 
name = NULL; 

} 

student t int roll_no_in, char *name_in ) / / constructor 2 

t 

roll_no m roll_no_in; 

name ■ new chart strlen t name_in ) +1 1; 

strcpy! name^ name_in )i 

i 

-student ( ) 

{ 

if { name ) 

delete name; // release memory allocated to name member 

} 

void set! int roll_no_in, char *name_in ) 

{ 

student { roll_no_in, name_in )t 

} 

if display data members on the console screen 
void show! } 

{ 

if! roll jio ) // if{ roll_no != 0 ) 

cout « "Roll No; * « roll_no « endlr 
else 

cout « "Roll Not (not initialized) ■ « endlr 
i f t name ) / / i f ( name ! = NULL ) 

cout << "Name; * « name << endlj 
else 

cout « "Name: (not initialized) M « endlr 



) 

)i 

void main ! ) 



t 



student *al # *32 , 
si a new student; 
s2 = new student; 
s3 = new student { 
s4 - new student ! 



*s3, *s4 ; 

// will be initialized during run -time by the user 
// will be initialized during run time by the user 

1 ) ; i f partially live object 

2 f "Bhavani " }; // fully live object 
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cout << "Live objects contents..," « endl; 

/ / display contents of all live objects 

sl->ghow ( ) ; 

s2->show( ) ; 

s3^>sftow() ; 

s4 ->show ( ) i 

// release the memory allocated to dynamic objects si, s2 , s3 1 and s4 

delete si; 

delete s2 ; 

delete s3 ; 

delete s4; 

) 

Run 

Do you want to Initialise the object (y/n) s u 
Do you want to initialise the object (y/n) : y 
Enter Roll no. of student: £ 

Enter Name of student: 

Live objects contents 

Roll No; (not initialized) 

Name: (not initialized) 

Roll No: S 
Name; Rekha 
Roll No: 1 

Name; (not initialized) 

Roll No; 2 
Name: Bhavani 

In main U , the statement 

student *sl, *s2, *s3 , *s4; 

creates pointer variables to objects of the class student. The statements 
si - new student; 
s2 » new' s tuder - ; 

create two objects dynamically and store their addresses in the variable si and s2 respectively. These 
objects are initialized by invoking the default constructor which reads the data entered by the user a! 
runtime, The statement 

s3 - now student ( 1 ) ; 

creates an object and initializes its first data member by invoking the one-argument constructor. The 
object s 3 is partially initialized object. The statement 
s4 - new student ( 2 , “Bhavani" ); 

creates an object named s4 and initializes all its data members by invoking the two-argument construc- 
tor, The member function show ( ) of the class student is invoked for all the objects pointed to by 
si, s2, s3, and s4 to display students’ roll number and their name, AH the objects created in this 
program are destroyed explicitly by using delete operator. The destructor is invoked automatically 
for each one of these objects to release the memory allocated to their string data member name. For 
instance, the statement, 
delete s2; 

releases the memory allocated to the object pointed to by s2 and also invokes the destructor to cleanup. 
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else 

break? 

) 

cout << “Student details ., << endl; 
for ( i = 0? i < count? i+ + } 
s[i] + outdata ( ) ; 

} 

Run 

Initialize student object (y/n} ? y 
Enter Roll no . of student? 2 
Enter Name of student: Ra jkumar 
initialize student object (y/nl i y 
Enter Roll no. of student: 2. 

Enter Name of student: Teias^i 
Initialize student object (y/n ) % y 
Enter Roll no * of student: 2 
Enter Name of student: Savithri 
Initialize student object (y/n) : u 
Student details . „ . 

Roll No n % 

Name - Ra jkumar 
Roll No = 2 
Name = Tejaswi 
Roll No = 3 
Name ■ s'avithri 

In main ( ) » the statement 
student s[10] j 

creates an array of ID possible objects of the student class. It should be clearly understood that an 
array of objects allow better organization of the program instead of having 10 different variables and 
each one of them is the object of the student class. Note that the subscripted notation used for object 
is similar to the manner in which arrays of other data types are usually bandied. The statement 
s [i J . oufcdafca { } / 

executes the outdata ( ) member function in the student class for the 1 th object of the s array, 

1 2.5 Array of Pointers to Objects 

An array of pointers to objects Is often used to handle a group of objects, which need not necessarily 
reside contiguously in memory, as in the case of a static array of objects. This approach is more flexible, 
in comparison with placing the objects themselves in art array, because objects could be dynamically 
created as and when they are required, The syntax for defining an array of pointers to objects is the 
same as any of the fundamental types, The program students „ cpp illustrates the concept of array 
of pointers to objects, 

// student2.cpp‘ array of pointers to student 
iinciude <io8tream*h> 

# Include <string.h> 
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Enter Roll no. of student: 1 
Enter Name of student: Rah kumar 
Create student object (y/n) i i 
Enter Roll no. of student: 2 
Enter Name of student : Teiaswi 
Create student object (y/n) z y 
Enter Roll no. of student: 2 . 

Enter Name of student : £ av.it hr i 
Create student object (y/n) : n 
Student details, * . 

Roll No = 1 
Name - Raj kumar 
Roll No = 2 
Name = Te j aswi 
Roll NO = 3 
Name * Savithri 

In main ( ) , the statement 
student * s [ 10] ; 

creates an array of pointers of 10 possible student objects. It should be clearly understood that the 
space required for an array of 10 pointers to student objects is certainly less than the space for an array 
of 10 student objects. Hence* the student class objects are created by the program as and when they 
are needed (see Figure 12.6). 



8 [ 0 ] 
BUI 

s[2] 

8 [33 
s E 4 ? 

s[G] 

s[7] 

3 [ 8 1 

s{S) 



student * 8 [10) 




roll_no 
name [20 ] 

roll_no 
name [20] 



name [20] 



Figure 1 2.6: Array of pointers to objects and dynamic binding 

Note that the subscripted notation used for object pointers is similar to the manner in which arrays 
of other data types are usually handled. Thus* a E count ] is same as *{s + count ) in the program 
Similarly the statement 

s [ il ~>outdata ( ) f 
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executes the outdata ( ) member function in the student class for die 1 th object of the s array. 
Pointers to objects could be effectively used to create and manipulate data structures like linked- lists, 
stacks, queues, etc, 

1 2.6 Pointers to Object Members 

Whenever an object is created, memory is allocated to it. The data defining the object is held in the 
space allocated to it, i.e., the data and member functions of the object reside at specific memory loca- 
tions subsequent to the creation of the object. Thus, a pointer to an object member can be obtained by 
applying the address -of operator { & ) to a fully qualified class member-name (which may be a data item 
or a member function). A fully qualified member name is used to refer to a member of a class without any 
ambiguity. For instance, the declaration 

<class_name> : : <mernber_narne> ; 

is a fully qualified declaration naming the member <member_name> of the class <class = name>. 
Preceding the above member reference with an k operator causes the address of the member 
<inember_name> of the class <class_name> to be returned. 

Members of a class can he accessed using either pointer to an object, or pointer to members itself. 
The address of a member can be obtained by using the address operator [&) to a fully qualified 
member name of a class similar to variables. A pointer to class members is declared using the operator 
1 1 * with the dais name. The syntax for defining the pointer to class members is shown in Figure 12.7. 



DataType ClassName 



pointer to a member of a class 

— V 

•Pointer Name j 



address of a member of a class 

1 / 

PointerNama * &ClassName t * Member 

Figure 12.7: Syntax of defining pointer to class members 

A variable of type pointer to a member of class X can be defined as follows: 

Da tafype X : ; * p t r_nam| ; 

The ptr_nanie is a pointer to a data member of class X, which is of ^pe DataType. A pointer to a 
member function can be defined as follows: 

ReturnType { X::* £n_ptr } [ argument a )j 

It defines a pointer variable fn_ptr as a pointer to a member function of the class x which takes one 
or more arguments as specified by arguments and returns a value of type RoturnTypo. Consider 
the following specification of the class Xi 
class X 
l 

privates 
int y; 
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public; 

int a; 
publ 1 C : 

int b; 

int init ( int z ] ? 

}; 

A pointer to the member a or b is defined as follows: 
int X; i *ip; 

The address of the member a can be assigned by 

ip = &X: :a # * 

Similarly, the address of the member b can be assigned by 
ip - &X : :bf- 

The address of the member a can also be assigned to a pointer during its definition as 
int X; : *ip = &X: :a; 

The pointer variable ip, acts like the class member so that it can be invoked with a class object In the 
above statement, the phrase x : j * implies peimer-to-member of the class X, The phrase &X: :a 
implies address of the member a of the class X. 

The address of the private member y cannot be assigned by using the statement 

ip = : :y ; 

Private members have the same access control privilege even with a pointer to the class members. 

Normal pointer variable cannot be used as a pointer to the class member. Hence, the statement 
int *ptr - &X;:a; 

is invalid; The pointer and the variable have meaning only when they are associated with the class to 
which they belong, The scope resolution operator must be applied to both the pointer and the member. 

Like pointers to data members, pointers to member functions can also be defined and invoked using 
the dereferencing operators. A pointer to the member function init U is defined as follows: 
int (X: * * init_ptr } ( int ) ; 

The address of the member init ( ) can be assigned by 
init_ptr = &X; : init; 

to the pointer variable init_ptr. The different methods of accessing class members is shown in 
Figure 12,8, 

Access through Objects 

C++ provides operator* . * (dot-star) exclusively for use with pointers to members called member 
dereferencing operator ; This operator is used to access class members using a pointer to members and 
it must be used with the objects of the class. The following statement, 

X objl r 

creates the object obj 1 of the class X. Using the pointer variable ip, the following statement accesses 
the data member variable. 

objl.* ip ®?20| // if ip is bound to a, it is same as the objl. a; 

esut « obj 1+ip; 
int k - objl.*ip; 
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Member functions can also be accessed using the operator . * as follows: 

{ obj 1 . *iiiit_ptar } { 5 J; // same as the objl.initO call 

int k - ( obj 1 . * ini t„ptr) { 5 ); 

The general formal tan be deduced to the following: 

(object-name „ *po inter -to-member- function! (argument a 1 ; 

In such calls, the parentheses must he used explicitly, since the precedence of () is higher than the 
dereferencing .* operator 

ObjectName T Member 

(a) Common way of accessing a class member 



pointer to class member 

— 

Ob j e c tWame * Po i n t e r ToMember ; 

(b) Accessing class member through its pointer 



pointer to object 



PointerToObject 



Member; 



(c) Accessing class member through the pointer to object 



pointer to object 



pointer to class member 



PointerToObject -> *PointerToMember ; 

Id) Accessing class member through the pointer to object and member 



Figure 12.8: Different ways of accessing class members 
Access through Object Pointers 

C++ provides another operator ->* for use exclusively with pointers to members called member 
dereferencing operator This operator is used to access a member using a pointer to it with pointer to 
the object. The following statement 

x obj I; 

X *pobj ; 

create the object obj 1 of the class X and the pointer pob j to the objects of the class X, Using the 
pointer variable ip (defined earlier), the following statements access the member variables. 

pobji->*ip = 20; / / accesses a if ip is bound to data member a 

cout << pobj->*ip; // display data member a 

int k = pobj~>*ipj / / k = data member a's contents 
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// eat up all memory 

cout << "Ok, allocating..” << end!? 

while (l) 

i 

ip - new int [100J? 
total_allocated += 100L,* 

cout « “Now got a total of p « total_al located « ' bytes * « endl; 

} 

1 

Bun 

Ok, allocating.. 

Now got a total of 100 bytes 
Now got a total of 200 bytes 



Now got a total of 29900 bytes 
Memory exhausted, cannot allocate 

Hie advantage of an allocation error function lies in the fact that once installed* new can be used 
without bothering whether the memory allocation has succeeded or not: upon failure, the error function 
is automatically invoked and the program terminates. It is a good practice to install a ne w handler in each 
C++ program, even when the actual code of the program does not allocate memory. Memory' allocation 
can also fail in code which is not directly visible to the programmer, e.g., when streams are used or when 
strings are duplicated by low-level functions. 

Most often, even standard C functions* which allocate memory such as strdupt } * malloc { J * 
realloc { ) * etc.* trigger (invoke) the new handler when the memory allocation fails. That is, once a 
new handler is installed, such functions can be used in a C++ program without testing for errors. 
However, compilers exit where the C functions do not trigger the new handler. 



12.3 this Pointer 

It is observed that a member function of a given class is always invoked in the context of some object 
of the class; there is always an implicit substrate (implicitly defined) for the function to act on. C++ has 
a keyword this to address this substrate (it is not available in the static member functions) . The 
keyword this is a pointer variable, which always contains the address of the object in question. The 
this pointer is implicitly defined in each member function (whether public or private); therefore* it 
appears as if each member function of the class Test contains the following declaration: 
extern Test *this ; 

Every member function of a class is bom with a pointer called this* which points to the object with 
which the member function is associated. 

Thus* member function of every object has access to a pointer named this* which points to the 
object itself. When a member function is invoked* it comes into existence with the value of this set to 
the address of the object for which it is called. The this pointer can be treated like any other pointer 
to an object. Using a this pointer, any member function can find outthe address of the object of which 
it is a member. Method of accessing a member of a class from within a class using this pointer is 
shown in Figure 12.9. 
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class Test 




Figure 12,9: Accessing class members using this pointer 

The this pointer can also be used to access the data in tfie object it points to. The program 
this . cpp illustrates the working of this pointer. 

/ / this.Cpp; accessing data members through this pointer 
tinclude <iostream,h> 
class Test 
{ 

private : 
int a; 
publ ic i 

void setdata ( int init_a ) 

{ 

a = init_a; // normal way to set data 

cout« "Address of my object# this in setdata O * "<< this <<endlj 
this->a = init_a; // another way to sec data 

) 

void showdataU 

{ 

// normal way to show data 

cout << “Data accessed in normal way: “ << a « endl; 

cout<< ” Address of my object# this in showdata { ) : “« this<<endl z 

// data access through this pointer 

cout « “Data accessed through this->a: ■ « this->a; 

] 

void main ( J 

C 

Test my; 

my, setdata ( 25 

my . showdata ( ) ; 

> 

Run 

Address of my object, this in setdataO : Qx££f2 
Data accessed in normal way: 25 
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Address of my object, this in showdata H : 0x£f£2 
Data accessed through this->a^ 25 

A more practical use of this pointer is in returning values from mem bet functions. When an object 
is local to the function, the object will be decoyed when the function terminates. It necessitates the 
need for a more permanent object while returning it by reference. Consider the member function add ( ) 
of the class complex; 

complex complex : : add { complex c2 ) 

( 

real = real + c2.realf // add real parts 

imag = imag + c2 . imag; // add Imaginary parts 

return complex! real, imag 1; // create an object and return 

) 

It adds the object c2 to a default object and returns the updated default object by explicitly creating a 
nameless object using the statement 

return complex f real, imag ); 

It can be replaced by the statement 

return *thioj 

without the loss of functionality. The modified definition of add ( 1 appears as follows: 
complex complex: : add { complex c2 > 

{ 

real = real + c2.real; // add real parts 

imag = imag ♦ el , imag? // add imaginary parts 

return *thie? 

} 

Since this is a pointer to the object of which the function is a member, *this naturally refers to the 
object pointed to by this pointer. The statement 
return *thisi 
returns this object by value, 

For a given class x, in each one of its member functions, the pointer this is implicitly declared as 
X * const this? 

and initialized to point to the object for which the member function is invoked. As the pointer this is 
declared as * const, it cannot be changed for a particular object ensuring that the access to the object 
is not lost, even accidentally, However, the value of this is different for every individual object 
declared or created in the program. The compiler treats this as a keyword (reserved word) as a result 
of which it cannot be explicitly declared. Further, it (the compiler) also places a restriction which 
prevents the keyword this from being used outside a class member function body. 

1 2.9 Self-Referential Classes 

Many of the frequently used dynamic data structures like stacks, queues, linked-lists, etc., use self- 
referential members. Classes can contain one or more members which are pointers to other objects of the 
same class. This pointer holds an address of the next object in a data structure. Such a feature is 
essential for implementing dynamic data structures such as linked lists, stack, trees, etc. 
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Linked List 

A list having node* which is a pointer to the next node in a list is called linked list The pictorial 
representation of a linked list having pointer to the next object of the same class is shown in Figure 
12.10. The program listed in list .« cpp implements a linked list of integers using such a self- referential 
class. The program uses a pointer called this poiniet 

class Linked list 

first 



Figure 12.10: Linked list with self- referenda I classes 

/' list, Cpp: Linked list having self reference 
# include < lost ream T h> 

# inc 1 iid e <p r o c es s . h> 

/ / linked list class 
class list 
{ 

privates 

int data; // data of a node 

list *ne«t; // pointer to next node 

public s 
list! ) 

{ 

data = 0 1 
next = NULL? 

} 

liat(int dat) 

{ 

data = dat? 
next = NULL? 

} 

-list O U 

int get O { return data? J 

void insert (list *node) ? // Inserts new node at list 

friend void display (list * } ; // Display list 

)s 

// inserts node. If list empty the first node is created else the 
// new node is inserted at the end of a list 
void list? ? insert ( list *node } 

{ 

list *Tast = this; // this node pointer to catch last node 
while ( last->next I // if node- next ! = NULL, it is not last node 
last s last’>next| 

last->next - node? // make last node point to new node 

// Displays the doubly linked list in both forward and reverse order by 
// making use of the series of next and prev pointers. 
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void display ( list: ‘first ) 



list -first = NULL; // initially points to NULL 














2. Display 






The use of a self-referential class is inevitable in the above program, since each node in the stack has 
a pointer to another node of its own type, which is its predecessor (in the case of the stack). 

Several problems whose solutions are based on the use of data structures like trees, graphs and-lists 
make extensive use of self-referential class. 

Doubly Linked List 

directly. The doubly linked list has two pointer nodes: one pointing to the next node in the list and 

The program dl 1 . epp makes use of the data structure, doubly linked list, illustrating the typical 
use of the this pointer at relevant points. The this pointer is particularly used as a pointer to the first 
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class doubly 




Figure 12.11: Doubly linked list representation 



dll.cpp: doubly linked list 





friend void display(dll *>; 




void dll :: insert C dll -node ) 
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dll -first = NULL; // initially points 






Display. |3J 
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* Overloaded operators which return object values by reference . 

• Virtual functions wherein decisions, as to which version of an overloaded function is to be executed, 
is taken only during runtime (late binding), 

12.10 Guidelines for Passing Object Parameters 

Hie parameters to normal functions or member functions, of a class can be passed either by value, 
pointer, or reference. However, passing some objects by pointers or reference is much efficient when 
compared to passing by value even though modification in a cal lee need not be reflected in the caller, A 
few guidelines that help in taking decision on choosing appropriate parameter passing scheme are the 
following: 

[1] If a function does not modify an argument, which is a built-in type or a “small" user-defined type 
(class objects), pass arguments by value. Hie meaning of "small" refers to data-type, which require 
few bytes to represent its objects and it is system dependent 

[2] If a function modifies an argument, which is a buiit-in type, pass arguments by a pointer. It makes 
processing of data explicit to anyone reading the code, which modifies built-in type variables. 

[3] If a function modifies or does not modify a "large" user-defined type* pass arguments by reference. 
Any function, which modifies private data (and hence protected) of an object must either be a 
member function, or a friend function. This is justifiable, since the "class" has control over the 
functions which modify class's private data. In this case, just because the address of an object is 
handed over to a function does not mean the function can secretly modify the private data of an 
object. As far as object data members are concerned, it is very dear Mid straight forward to answer 
"whd has permission to modify this object V Hence, it is advisable to pass reference to an object 
instead of value or a pointer. 

Review Questions 

12.1 What is the difference between dynamic memory allocation and dynamic objects ? 

12.2 Justify the need of object cleanup and initialization facility for creating live objects 

12.3 Explain why C++ i s treated as the m iddle ground between static and dynamic bi tiding languages . 
12*4 What is the difference between stack based and heap- based objects ? 

12,5 What is dereferencing of objects ? Write a program for illusfrabng the use of object references. 
12*6 What are self-referential classes ? Write a program to create an ordered linked list. 

12.7 What are live objects ? Write a program to illustrate live objects supporting different ways of 
creating them. Will an object created using new operator occupy more space than necessary ? 

12.8 Write a program to access members of a student class using pointer to object members. 

12.9 Justify the need for "allowing pointers to class members accessing private members of a class" 
12*10 Explain how memory allocation failure can be handled in C++ ?, 

12.11 What is this pointer ? What is your reaction to the statement: 

delete this; 

Write a program demonstrating the use of this pointer. 

1 2. 1 2 Wri te an i nteracti vc program for c reali ng a doubly 1 in ked 1 1st. The program must support orde red 
insertion and deletion of a node. 



Copyrighted material 




13 

Operator Overloading 



13.1 Introduction 





434 



Mastering C++ 



1 3.3 U nary Operator Overload lug 

Consider an example of class Index which keeps track of the index value. The program index! * cpp 
having class members to maintain the index value is listed below: 

/ / indexl.cpp: Index class with functions to keep track of index value 
• include < lost ream „ h> 
class Index 
{ 

private : 

int value; // Index Value 

publics 

index (} // No argument constructor 

C 

value = 0; 

) 

int Get Index ( ) if Index Access, 

( 

return value; 

) 

void Next Index ( ) // Advance index 

{ 

value = value + 1; 

} 

; I 

void mainO 
t 

Index idxl f idx2; // idxl and idx2 are objects of index class 

/ / Display index values 

cout << ■ \nlndexl m ■ « idxl .Get index { ) ; 

COUt << B, \nlndex2 = ■ « idx2 , Get Index () ; 

// Advance Index objects 
idxl . Next Index ( ) ; 
idx2 . Nex t Index ( ) ; 
idxl , Next Index ( ) ; 

/ / Display index value* 

cout « “\nlndexl - ■ idxl. Getlndex ( } ; 
cout << p \nindex2 - a « idx2 » Get Index O j 

) 

Buo 

Indexl » 0 
Index2 = 0 
Indexl = 1 
Xndex2 * 2 

Hie function Next Index { ) advances {increments) the index value. Instead of using such fune* 
tions, the operators like ++ (increment operator) can be used to perform the same job. It enhances the 
program readability without the loss of functionality. A new version of the class program indexl * cpp, 
is rewritten using overloaded increment operator. The program index2 . cpp illustrates overloading 
of ++ operator. 



Copyrighted material 




Chapter 1 3: Operator Overloading 



435 



// Index2*cppi index class with operator overloading 
♦include <iostream.h> 
class Index 

private: 

int value; / / Index Value 

publ ic i 

Index U // No argument constructor 

{ 

value ^ 0 ; 

} 

int Get Index ( ) / / Index Access 

{ 

return value? 



} 

void operator ++ U // prefix or postfix increment operator 

{ 

value = value +1; // value++; 



} 






void main ( 1 

< 

index idxl , idx2 ; // idxl and idx2 are objects of Index class 

// Display index values 

cout « "\nlndexi - " « idxl .Get Index [> ? 
cout « ■\nlndex2 - « idx2 .Get Index (} ; 

// Advance Index objects with ++ operators 

++idxl ; if equivalent to idxl , opera tor ++(> ; 

idx2-t-+s 

idx2++? 

cout « *\nlndexl = * « idxl .Get Index O ; 
cout « * \nlndex2 = * « idx2 *GetIndex{} ; 

) 



Em 

Index! » 0 
Index2 - 0 
Indexl = 1 
Index2 ■ 2 



In main ( } * the statements 

++idxi; // equivalent to idxl , operator + + O ? 

idx2-§-+; 

invoke the overloaded ++ operator member function defined in the class Index: 

void operator // prefix or postfix increment operator 

The name of this overloaded function is ++. The word operator is a keyword and is preceded by the 
return type void, The operator to be overloaded is written immediately after the keyword operator 
This declarator informs the compiler to invoke the overloaded operator function ++ whenever the unary 
increment operator is prefixed or postfixed to an object of the index class. 
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int Get index () ft Index Access 

{ 

return value? 

I 

Index operator ■*■+() // Returns "Index object 

{ 

Index temp; // temp object 

value - value t 1; / / update index value 

temp .value = value; // initialize temp object 
return temp; // return temp object 

} 

>; 

void main ( ) 

( 

Index idxl, idx2 ; // idxl and idx2 are objects of class Index 

cout « ■ \nlndexl • ■ << idxl . Getlndex { ) ; 

COUt << " \nlndex2 = 1 « idx2 -Getlndex {} ; 

idxl = idx2++; //returned object of idx2++ is assigned to idxl 

idx2++j // returned object of idx2++ is unused 

cout << ■ \nlndexl » " << idxl .Getlndex O ; 

cout << " \nlndex2 • ' « idx2 . Getlndex { ) ; 

I 

Run 

Index 1 = 0 
Index2 = 0 
Index 1 - 1 
Index2 = 2 

In main [),the statement 

idxl = idx2++; //returned object of idx2++ is assigned to idxl 
invokes the overloaded operator function and assigns the return value to the object idxl of the class 
Index, The operator ++ ( ) function creates a new object of the class Index called temp to be used 
as a return value; it can be assigned to another object. The value data member of the implicit object 
idx2 is incremented and then assigned to the temp object which is returned to the caller. The returned 
object is assigned to the destination object idxl. 

1 3.6 Nameless Temporary Objects 

In the program index 3 . cpp, an intermediate (a temporary) object temp is created as a return object. 
A convenient way to return an object is to create a nameless object in the return statement itself. The 
program index4 . cpp, illustrates the overloaded operator function returning a nameless object, 

// index 4, cpp: Index class with overloaded operator returning nameless object 
# include <iostream,h> 
class Index 

C 

pr ivate: 

int value; // Ind^x Value 
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Overloading without explicit arguments to an operator function is known as unary operator over 
loading and overloading with a single explicit argument is known as binary operator overloading. 
However, with friend functions, unary operators take one explicit argument and binary operators take 
two explicit arguments. The syntax of overloading the unary operator is shown in Figure 13.3. 

► Function return type: primitive, void, or user defined 

— * Keyword 

— > Curator to be overloaded 

| — * No explicit arguments 

ReturnType operator Operator Symbol i ) 

{ 

// body of Operator function 

) 

Figure 13,3: Syntax for overloading unary operator 

The following examples illustrate the overloading of unary operators: 

(1) Index operator + U j 

(2) int operator - O ; 

(3) void operator ++ C ) ; 

(4) void operator — { ) ; 

(5) int operator * (| ; 

Similar to other member functions of a class, an overloaded operator member function can be either 
defined within the body of a class or outside the body of a class. The following class specification 
defines an overloaded operator member function within the body of a class: 
class MyClass 

t 

// class data or function stuff 

int opera tor ++ ( } // member function definition 

t 

/ / body □£ a function 

1 

}/ 

A skeleton of the same class having the operator member function definition outside its body is as 
follows: 

class MyClass 
{ 

// class data or function stuff 
int operator ■«'+(); // prototype declaration 

}t 

if overloaded member function definition 
int MyClass i toperator++ O 
( 

// body of a function 

> 
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The process of operator overloading generally involves the following steps: 

,L Declare a class (that defines the data type) whose objects are to be manipulated using operators. 

2. Declare the operator function, in the public part of the class. It can be either a normal member function 
or a friend function. 

3. Define the operator function either within the body of a class or outside the body of the class 
(however, the function prototype must exist inside the class body). 

The syntax for invoking the overloaded unary operator function is as follows: 
object operand 
operator object 

The- first syntax can be used to invoke a prefix operator function, for instance, ++idxl, and the second 
syntax can be used to invoke a postfix operator function, for instance, idxl++. 

The syntax for invoking the overloaded binary operator function is as follows: 
object 1 operator object 2 

For instance, the expression idxl + idx2 invokes the overloaded member function + of the idxl 
object's class by passing idx2 as the argument. Note that, in an expression invoking the binary 
operator function, one of the operands must be the object. Tire above syntax is interpreted as follows: 
object Lope rotor OperalorSymboll object2 ) 

Operator Arguments 

In main ( ) of index2 . cpp program, opera tor++ ( ) is applied to the object of the class Index 
as in the expression idx2++; it can be observed that the operator++( ) takes no arguments 
explicitly. The execution of the expression idx2++ invokes a member function opera tor++() 
defined in the class Index, In this function, the data members of the object idx2 are manipulated. 

13.5 Operator Return Values 

Ihe operator function in the program index 2 ■ epp has a subtle defect. An attempt to use an expres- 
sion such as 

idxl = idx2++; 

will lead to a compilation error like Improper Assignment because the return type of operator* + is 
defined as void type. The above assignment statement tries to assign the void return type to the 
object (idxl) of the Index class. Such an assignment operation can be permitted after modifying the 
return type of the opera t or ++ O member function of the Index class in the index2 .cpp pro- 
gram. A program with required modifications is listed in index 3 . cpp. 

// index S.cpp: Index class with overloaded operator returning an object 
# include <iostream.h> 
class Index 
{ 

private: 

int value; // Index Value 

public ; 

Index () // Ho argument constructor 

C 

value = 0 ; 

} 
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1 3.7 Limitations of Increment/Decrement Operators 

The prefix notation causes a variable (of type standard data type) to be updated before its value is used 
in the expression, whereas the postfix notation causes it to be updated after its value is used. However, 
the statement {built using user-defined data types and overloaded operator)* 
idxl = ++idx2 ; 

has exactly the same effect as the statement 
idxl = idx2++; 

When ++ and — operators are overloaded, there is no distinction between the prefix and postfix 
overloaded operator function. This problem is circumvented in advanced implementations of C++, 
which provides additional syntax to express and distinguish between prefix and postfix overloaded 
operator functions. A new syntax to indicate postfix operator overloaded function is: 
operator ++{ int ! 

The program index 5 * cpp illustrates the invocation of prefix and postfix operator functions. Note 
that the old syntax is used to overload prefix operator function. 



// index 5. cpp: Index class with overloaded prefix and postfix unary operators 
# include <iostream + h> 
class Index 
( 

private; 

int value ; // index Value 



public : 

Index {) //No argument constructor 

{ value - 0; } 

Index { int val ) // constructor with one argument 

{ 

value - val; 

} 

int Get Index ( ) / / Index Access 

{ 

return value; 

} 

// Operator overloading for prefix operator 
Index operator ++{) 

{ 

// Object is created with the ++value, hence object is 
H created with a new value of 'value 1 and returned 
return index ( ++ value ) ; 

} 

// Operator overloading for postfix operator 
Index operator ++(int} 

{ 

U Object is created with the value++, hence object is 
/ / created with old value of 'value' and returned 
return Index ( value++ } ; 

) 
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void main U 

i 

Index idxl(2) f idx2 42) , idx3 ( idx4 ; 

cout « "\nlndexl = " « idxl *GetIndexO j 

cout « "\nlndex2 - « idx2 * Get Index U r 

idx3 = idxl ++;' If postfix increment 
idx4 = ++idx2 ; // prefix increment 

cout << ■ \nlndexl = ■ << idxl . Get Index 0 i 

cout << * \nlndex3 m m « idx3 . Get Index ( ) ; 

cout « *\nXndex2 = * << idx2 -Oct Index () t 
cout « “ \nlndex4 = ■ « idx4 .Get Index U ; 

} 

Bm 

Index! - 2 
Index2 - 2 
Indexl = 3 
Index 3 = 2 
Xndex2 = 3 
Index4 = 3 

Ii ® the postfix operator ++ ( int ) function, first a nameless object with the old index value is 
created and then, the index value is updated to achieve the intended operation. The compiler will just 
make a call to this function for postfix operation, but the responsibility of achieving this rests on the 
programmer. 

The above discussion on urmry plus overloading is also applicable to overloading of unary decre- 
ment and negation operators. It is illustrated by the program index 6 * cpp. 

// indexg.cpp: Index class with unary operator overloading ++, and -- 
# include <iostream.h> 
class index 

private; 

int value? // Index Value 

public t 

Index O // No argument constructor 

C value = 0 ; } 

index { int val ) // Constructor with one argument 

{ 

value - val; 

} 

int Get Index [ ) / / Index Access 

( 

return value; 

} 

Index operator - (1 // Negation of Index Value 

t 

return Index I -value ) ; 

> 
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index operator ++ O // Prefix increment 
t 

++value? 

return Index ( value )i 

> 

Index operator --() // Prefix decrement 

{ 

--value; 

return Index ( value ) ; 

> 

}; 

void main ( ) 

{ 

Index idxl , idx2 ? 

cout « " \nlndexl = " « idxl .Get Index ( > ; 

cout « ■ \nlndex2 * ' « idx2 . Getlndex { > ; 

idx2++ ; 

idxl = -idx2; // negate idx2 and assign to idxl 
++idx2 ; 

--idx2; // prefix decrement 

cout << ■ \nlndexl » 1 « idxl . Getlndex {) $ 

COUt « " \nlndex2 = ■ « idx2 .Getlndex (> ; 

> 

Run 

Indexl » 0 
Index2 = 0 
Indexl = -1 
Index2 = 1 

Overloading of unary operator does not necessarily mean that it is overloaded to operate on a 
class's object, which has a single data member. Within the body of a overloaded unary operator func- 
tion, any amount of data can be manipulated. One of the best example is manipulation of date object 
data members. A class called date can have three data members day, month, and year . To increment 
date by one, it may necessitate updalion of all the fields on the date class. It depends on the current 
values of date class's object data members as illustrated in the program mydate . cpp. It has over- 
loaded unary increment operator function to update date object’s data members. 

// my date. cpp: overloading ++ operator to increment date 
# include <iostream.h> 
class date 
{ 

int day? 
int month? 
int year? 
public s 
date { ) 

{ 

day = 0 j month = Q; year ■ 0? 

) 
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date ( int d P int m, int y ) 

{ 

day = d; month = m; year = y; 

} 

void read ( ) 

{ 

cout « "Enter date <dd im yyyy>: *; 
cin » day » month » year; 

} 

void show!) 

{ 

cout « day << * : ' « month « *:* << year; 

) 

int IsLeapYear ( ) 

{ 

if ( (year % 4 == 0 && year % 100 ! = 0 } | | (year % 400 ■■ 03 3 
return 1; 
else 

return 0; 

} 

int this Mon thMaxDay ( ) 

{ 

int 12] = I 31, 28, 3l r 30, 31 , 30, 31, 31, 30, 31, 30, 31 }; 
if( month == 2 && IsLeapYear ( } 3 

return 29; // February month with leap year will have 28 days 

else 

return mfmonth-lj; 

} 

// unary increment operator overloading 
void operator ++ { J 
{ 

t+day; 

// adjust all fields of date according to current day 
// so that they hold valid date 
if( day > thisMonthMaxDay U ) 

{ 

// set day to 1 and increment month 

day * 1; 

month++; 

> 

if ( month >12 } 

( 

// month to January (1) and increment year 
month = 1 i 
year ++; 

> 

) 

)t 

void nextday( date & d 3 

( 

cout « "Date " ; d . show ( } ; 
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+ +d? // invokes operator function 

eout << " on increment becomes d.showf); 

cout « endlj 

} 

void mairvt } 

( 

date dl ( 14, 4, 1971 1 i 

date d2 ( 28, 2, 1992 )? // leap year 

date d3{ 28, 2, 1993 ) ? 

date d4 { 31, 12, 1995 > i 

nextday ( dl } ; 

next day t d2 1 f 

nextday ( d3 ) t 

nextday C d4 ) ? 

date today? 

today, read 0 ; 

nextday ( today ) i 



fiyo 

Date 14:4:1971 on increment becomes 15:4:1971 
Date 28:2:1992 on increment becomes 29:2:1992 
Date 28:2:1993 on increment becomes 1:3:1993 
Date 31:12:1995 on increment becomes 1:1:1996 
Enter date <dd mm yyyy>: 11 9 1996 , 

Date 11:9:1996 on increment becomes 12:9:1996 

The updaton of date requires to take care of conditions such as whether the year is a leap year or 
not If it is leap year and month is February, it will have 29 days instead of usual 28 days. Such cases 
need to be handled explicitly (sec the second and third output line in Run). 



1 3,8 Binary Operator Overloading 

The concept of overloading ptiary operators applies also to the binary operators. The syntax for 
overloading a binary operator is shown in Figure 1 3.4. 

I ► Function return type; primitive, void, or user defined 



c ► Keyword 




* Operator to be Overloaded 



r 



Argument to Operator, 
Function 



Re to mType opera tor Ope r a to r Symbol { ar g ) 
{ 



// body of Operator function 



} 

Figure 13.4s Syntax for overloading a binary operator 

The binary overloaded operator function takes the first object as an implicit operand and the second 
operand must be passed explicitly. The data members of the first object are accessed without using the 
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dot operator whereas, the second argument members can be accessed using the dot operator if tht 
argument is an object, otherwise it can be accessed directly. Note that, the overloaded binary operator 
function is a member function defined in the first object's class. 

The following examples illustrate the overloading of binary operators: 
complex operator + ( complex cl ) ; 
int operator * ( int a } ; 
void operator * ( complex cl ) ; 
void operator / ( complex cl ) ; 
complex operator += ( complex cl ) ; 

Similar to unary operators, binary operators also have to return values so that cascaded assignment 
expressions can be formed. The programs illustrating the overloading of binary operators are discussed 
in the following sections, 

13.9 Arithmetic Operators 

Consider an example involving operations on complex numbers to illustrate the concept of binary 
operator overloading. Complex numbers consists of two parts: real part and imaginary part. It is repre- 
sented as { x+iy) , where x is the real part and y is the imaginary part. The process of performing the 
addition operation is illustrated below. Let cl , c2, and c3 be three complex numbers represented as 
follows; 

el = xl + i yli 
c2 - x2 + i y2 ; 

The operation c 3 = cl + c2 is given by 

cl = ( cl.xl + c2,x2 ) + i ( cl + yl + c2 + y2 ) ; 

The program complexl , cpp performs addition of complex numbers without operator overloading. 

/ / complexl. cppi Addition of Complex lumbers 
iinclude <iostream.h> 
class complex 
1 

pr ivate : 

float real; // real part of complex number 

float imag; // imaginary part of complex number 

public : 

complex (> // no argument constructor 

f 

real = imag = 0.0; 

) 

void getdataH 
C 

cout << " Real Part ? ■ ; 
cin » real; 
cout << "Imag Part 7 ■; 
cin >> imag | 

} 

complex AddComplex{ complex c2 ); // Add complex numbers 

void outdata ( char *msg ) / / display complex number 

f 

cout << endl << msg; 
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public ; 

complex () // no argument constructor 

{ 

real = imag - 0+0; 

> 

void getdata { ) // read complex number 

{ 

cout << p Real Part ? ■ ; 
cin » real; 
cout << p Imag Part ? " ; 
cin » imag; 

> 

complex operator + ( complex c2 } ; // complex addition 

void outdata ( char *msg ) // display complex number 

{ 

cout « endl « msg; 
cout << * {* « real; 
cout << * , * « imag « 9 ) m ; 

) 

}j 

§ i add default and c2 complex objects 
complex complex: : operator + { complex c2 } 

{ 

complex temp; / / object temp of complex class 

temp , real real + c2 . real; // add real parts 

temp, imag - imag + c2 , imag; // add imaginary parts 

return ( temp ) ; // return complex object 

} 

void main ( ) 

{ 

complex cl, c2 # c3 ; // cl, c2, cl are object of complex class 

cout « * Enter Complex Humber cl . . ■ << endl; 
cl . getdata ( 1 ; 

cout << "Enter Complex Number c2 . . ■ << endl ; 
c2 . getdata £ j ; 

c3 » cl + c2 ; // add cl and c2 and assign the result to £3 
c3 * outdata ( * cl = cl + c2 : “ || // display result 

1 

ffun 

Enter Complex Humber cl . . 

Real Part ? 2.^5 
Imag Part ? 2 . 0 
Enter Complex Humber c2 . , 

Real Part ? 3 ■ 0 
Imag Part ? 1 ■ 5 
c3 = cl + c2: (5-5, 3,SJ 

In the class complex, the operator* ( ) function is declared as follows. 
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complex operator + E complex c2 ) ; 

This function takes one explicit argument of type complex and returns the result of complex type. 
In a statement such as 

c3 = cl + c2; // c3 = cl ♦ operator+ { c2 ) ; 

it is very important to understand the mechanism of returning a value and relating the arguments of Hie 
operator to its objects. When the compiler encounters such expressions, it examines the argument 
types of the operator. In this ease, since the first argument is of type complex, the compiler realizes 
that it must invoke the operator member + 1 ) function defined in the c crop lex class (Figure 13.5), 



Instances of the c lass complex 




Figure 13.5: Complex numbers and operator overloading 

The argument on the left side of the operator (cl in this case) is the object of a class having 
overloaded operator function as its member function. The object on the right side (c2 in this case) of 
the operator is passed as the actual argument to the overloaded operator function. The operator returns 
a value (complex object t emp in this case), which can be assigned to another object (c3 in this case) or 
can be used in other ways (as argument or term in an expression, etc,). 

The expression cl+c2 invokes operator + () member function, cl object's data members are 
accessed directly since, this is the object of which the operator function is a member The right operand 
is treated as an argument to the function and its members are accessed using the member access dot 
operator (as c 2, real and c2.imag). 

In the overloading of binary operators, as a rule, the left-hand operand is used to invoke the 
operator function and the right-hand operand is passed as an argument to the operator function. The 
mechanism of handling operands of an overloaded binary operator is illustrated In Figure 13,6. 

Similarly, functions can be created to overload other operators to perform addition, subtraction, 
multiplication, division, etc. The program complex3 , epp illustrates the overloading ofvarious arith- 
metic operators for manipulating comp 1 ex numbers. 
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complex operator - ( complex c2 ) ; 

complex operator * ( complex c2 ) ; 

complex operator / ( complex c2 ) ; 

J; 

* 

// addition of complex numbers, c3 =t cl + c2 
complex complex? ; operator + ( complex c2 ) 

( 

complex tempi 

temp .real = real + c2 . real ; 
temp. imag = imag + c2 . imag; 
return £ temp ) ? 

J 

// subtraction of complex numbers, c3 = cl - c2; 
complex complex: ; operator - ( complex c2 ) 
t 

complex tempi 

temp. real = real - c2.real; 
temp, imag = imag * c2 . imag; 
return { temp ) ; 

> 

// Multiplication of complex numbers, c3 s cl * c2 
complex complex: : operator * f complex c2 } 

{ 

complex temp; 

temp, real = real * c2 . real - imag * c2 . imag ; 
temp . imag = real * c2 . imag + imag * c2 . real ; 
return t temp ) j 

} 

// Division of complex numbers , c3 = cl / c2 
complex complex: : operator / { complex c2 ) 

{ 

complex temp; 
float qt ; 

qt - c2 . real *c2 . real +c2 . imag*c2 . imag; 
temp. real - {real * c 2. real + imag * c2 . imag) /qt ; 
temp. imag = { imag * c2 . real - real * c2.imag) /qt; 
return ( temp ) ; 

) 

void main ( } 

£ 

complex cl, c2, c3; 

// read complex numbers cl and c2 

cout « "Enter Complex Number cl . . ■ « endl ; 

cl . getdata { ) ; 

cout « “Enter Complex Number c2 . , “ << endl; 
c2 . getdata ( } ; 

cout « “Entered Complex Numbers are,.."; 
cl. outdated “cl ■ ■ ) j 
c2 . outdata { “c2 * * ); 

cout << endl « “Computational results are...*; 
c3 - cl + c2 ; 
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c3 . outdata ( - c3 = el + c2 : 

c3 = el - c2| 

c3 . outdata { "cl * el - c2 : 

c3 - cl * c2 ; 

c3 . outdata ( ■ c3 m cl * c2 : 

c3 = el / c2; 

c3 . outdata ( "c3 - cl / c2 : 

c3 = cl + c2 + c 1 . +- c 2; 

c3 . out data ( "c3 * cl + c2 

c3 = cl * c2 + el / c2; 

c3- outdata ( “c3 = cl * c2 



'} J 
■> j 

■) t 
• ) t 



+ cl + c2 : 
+ cl / c2: 



■ ); 



Bun 

Enter Complex Number el « . 

Real Part ? 2 . 5 
I mag Part 7 2 „ 0 
Enter Complex Number c2 . . 

.Raal Part 7 3 . 0 
Inag Fart ? 1 . 5 

Entered Complex Numbers are. * * 
cl - (2*5, 2) 
i2 « (3, 1*5) 

Computational results are.,, 

c3 = cl + c 2 ; (5*5, 3.5) 

c3 - cl - c2 : 1-0.5, 0.5) 

c3 - cl * c2i (4,5, 9*75) 

c3 = cl / c2 t (0.933333, 0.2) 

c3 = cl * c2 + cl + c2: (11, 7) 

c3 = cl * c2 + cl / c2 i (5*43333, 9*95) 



In main () f the statement, 

c3 ■ cl + c2 + cl + c2; 
is evaluated as 

{ [ cl . operator* ( c2 ) ) * operator* (cl) ) , operator* ( c2 ) % 
from left to right, since all the operators have the same precedence. However, the statement 
c3 e cl * c2 + cl / c3 j 
is evaluated as 

(cl * operator* (c2 ) ) . operator* (cl . operator/ (c2 ) ) 

Operators with higher precedence are evaluated first, followed by those with lower precedence. 



13.10 Concatenation of Strings 

Normally, concatenation of strings is performed by using the library functions treat ( } explicitly. To 
illustrate this concept, consider the strings strl and str2 which are defined as follows: 

char strl (50) = * Welcome to * ; 

char str2 [25] = "Operator Overloading"; 

The strings strl and str2 are combined, and the result is stored in strl by invoking the function 
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// display strings of strl* str2* and str3 

cout << “\nAfter str3 * strl + str2; * .'j 

cout « * \nstrl = " t 

strl , echo { ) ? 

cout « * \nstr2 = " ; 

str2 * echo ( 3 ; 

cout « * \nstr3 = 

str3 . echo ( ) ; 

y 

Run 

Before str3 - strl + str2; ' ( 
strl m Welcome to 
Str2 * Operator Overloading 
str3 = 

After str3 = strl + str2; , , 

strl - Welcome to 

str2 = Operator Overloading 

str3 = Welcome to Operator Overloading 

The prototype of the string concatenation operator function 

string operator + ( string s ) // overloading +■ operator 
indicates that the + operator takes one argument of type string object and returns an object of the 
same type. The concatenation is performed by creating a temporary string object tamp and initial- 
izing it with the first string. The second string is added to first string in the object tamp using the 
strcat ( ) and finally the resultant temporary string object temp is returned, lit this case, the length 
of strl plus str2 should not exceed buff_size, If it exceeds, then the behavior of the program 
may be unpredictable. It can be overcome by testing the length of strl plus str2 before concatenat- 
ing them in the operator + ( ) function of the string class and then taking appropriate actions. 

1 3.1 1 Comparison Operators 

Similar to arithmetic operators, the relational operators can be overloaded for comparing the magnitudes 
of the operands. The relational operators can also operate on the user defined data- types similar to the 
way they operate on primitive data-types. The program idxcmp . cpp demonstrates the overloading 
of the comparison operator < to compare indexes, 

/ / ldxemp*cpp: index comparison with overloading of < operator 

♦include <io*tream.h> 

email boolean { FALSE* TRUE ) ; 



class Index 
C 

private: 






Int value; 


N 


Index Value 


public s 






Index { > 


/! 


No argument constructor 



t 

value ■= 0 ; 

} 
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strcatC) as follows: 

strcatC strl, str2 I; 

On execution str 2 remains unchanged. In C++ t such operations can also be performed by defining a 
string class and overloading the + operator. A statement such as, 
strl = strl + str2; 

for concatenation of string, (where strl and str2 are the objects of a class string) would be 
perfectly valid. The program string * cpp defines a string class and uses it to concatenate strings, 

/ / String .Cpp; Concatenation of strings 
I include <iostream. h> 
ft include <string.h> 

const int BUFF_SIZE ■ 50; // length of string 
class string // user defined string class 

{ 

privates 

char str [BUFF_SIZB| ; 
publici 

string (J // constructor! without arguments 

C 

strcpyl str, t# ) ; 

} 

string I char *My3tr } // cons true tor 2 , one argument 

( 

strepyt str, MyStr )j // My Str is copied to str 

) 

void echo { ) // display string 

( 

cout « str; 

) 

string operator + ( string s } // overloading + operator 

{ 

string temp = str? // creates object and strepyt temp. str, str } ; 
s treat f temp, at r # s.str ) ; // temp, str = temp, str + s.str 
return temp; // return string object temp 

) 

}t 

void main. ( ) 

C 

string strl = "Welcome to " ; // uses constructors 

string str 2 - "Operator Overloading" ? // uses constructor 2 

string strip // uses constructor!, strl.str » NULL 

// display strings of strl, str 2, and str 3 

cout « * \nBefore strl = strl + str 2 ; ,/( 

cout « *\nstrl - " t 

strl , echo ( I ; 

cout « "\nstr2 - " ; 

str2 .echo Cl t 

cout « *\nstrl * " ; 

str3 . echo ( I ; 

strl =j strl + str2 ; // strl invokes its operator + function with str2 
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string () II constructor without arguments 

[ 

strcpyf str t ■■ ) ; 

) 

void read f | // read string 

{ 

cin » str; 

// cout « str; 

) 

void echoU // display string 

{ 

cout << str; 

> 

boolean operator < ( string s ) // overloading < operator 
{ 

if { strcmp ( str, s + str ) < Q } 

return TRUE; // str < s.str in lexicographical order 
else 

return FALSE; 

) 

boolean operator > { string & ) // overloading > operator 

{ 

if { strcmp( str, s .str ) > 0 ) 

return TRUE; // str > s , str in, lexicographical order 
else 

return FALSE; 

> 

boolean operator -- ( char * MyStr } // overloading ■= operator 

( 

iff strcmpf str, MyStr | == Q ) 

return TRUE; // str and MyStr are same 
else 

return FALSE ; 

) 

}; 

void mainf) 

{ 

string strl, str 2; / / uses constructor 1 

while ( TRUE } 

C 

cout <;< ■ \nEnter Stringl < ' end a to stop>: 1 ; 
strl . readO ; 
if( strl «« *end* 1 
break ; 

cout << "Enter StringS; "j 
str2 . read ( ) ; 

COut « "Comparison Status; " ; 

// display comparison status 

// display format i Stringl "comparison status <, > T m ■ String2 
strl . echo ( ) ; 
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if( strl < atr2 I 
eouc « * < 1 ; 

else 

if{ strl > str2 ) 
cout « * > • ; 

else 

cout 

st r2 , echo { } t 

) 

cout << "\nBye. I ! That's all folks.!*; 

) 

Bm 

Enter Strlngl <end' to stop>: £ 

Enter Strings : C++ 

Comparison Status: C < C+ + 

Enter Strlngl < ' end ' to stop> : Rai kumar 

Enter String2 : Bindu 

Comparison Status: Rajkumar > Bindu 

Enter Stringl < ‘ end ' to stop> : EAlkumar 

Enter Scring2: Venuqonal 

Comparison Status: RajJtumar < Venugopal 

Enter Str ingl < * end ' to stop>: HELLO 

Enter String2 : HELLO 

Comparison Status: HELLO ■ HELLO 

Enter Stringl < 1 end 1 to atop> : end 

Bye.!! That ' s all folk*,! 

The overloaded operator functions of the class string uses the library function strcmp ( } to 
compare the two strings. The strcmp ( + - ) operates as follows: 

♦ It returns 0 if both the strings are equal 

* It returns a negative value if the first string is less than the second one 

+ It returns a positive value if ihe first string is greater than the second one 
The terms less than, greater than, or equal to are used in lexicographic sense to indicate whether the 
first string appears before or after the second in the alphabetical order. 

The prototype of string comparison function 

boolean operator -= ( char *MyStr ) 

indicates that the =- operator takes one argument of type pointer to character and returns TRUE or 
FALSE depending on the operands weigiuage in lexicographical order. The gtremp (J in the function 
body compares the object's attribute str with the argument MySfcr. From this example, it is under- 
stood that the arguments to an overloaded operator need not be of the same data-type, but the over- 
loaded operator must be a member function of the first object. 

13.12 Arithmetic Assignment Operators 

Like arithmetic operators, arithmetic assignment operators can also be overloaded to perform an arith- 
metic operation followed by an assignment operation. Such statements ire useful in replacing the 
expressions involving operations on two operands and storing the result in the first operand. For 
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1 3.1 3 Overloading of new and delete Operators 

The memory allocation operators new and delete can be overloaded to handle memory resource in a 
customized way. It allows the programmer to gain full control over the memory resource and to handle 
resource crunch errors such as Out of Memory, within a class. The main reason for overloading these 
functions is to increase the efficiency of memory management. An application designed to handle 
memory allocation by itself through overloading can easily detect memory leaks (improper usages It 
can also be used to create the illusion of infinite amount of main memory (virtual memory, which exists 
in effect but not in reality). 

The program resource . epp illustrates the overloading of new and delete operators. The 
normal call to the new operator, such as 
ptr = new vector; 

dynamically creates a vector object and returns a pointer to that object. The overloaded operator 
Function new in the vector class not only creates an object but also allocates the resource for its 
internal data members, 

// resource -epp: Overloading of new and delete operators 
# i n c lude < i os t ream , h> 
const int AHRAY_SI21 - ID,* 
class vector 

C 

private : 

int * array t // array is dynaiti tally a 11 oca table data member 

publici 

// overloading of new operator 
void * operator newt size_t size ) 
f 

vector *my_vector; 

my_vector = sinew vector; // it refers fcb global new, otherwise 

/ / leads to recursive call of vector:: new 
ipy_vec t or -> array - new int f ARRAY_SIZE] ; // calls ; mew 
return my^vector; 

) 

U overloading of delete operator 
void operator delete ( void* vec 1 
C 

vector *my_vect; 
my_vect = (vector *) vec; 

delete (int * } my_ vec t - > ar r ay ; // calls : : delete 

si delete vec; // it refers to global delete, otherwise 

/ / leads to recursive call of vector t : delete 

) 

void read ( ) ; 
int sum ( ) ; 

}? 

void vector : : read ( ) 

{ 

for{ int 1=0; i < AftRAY„£XZE; i++ ) 

{ 

cout « "vector [' « i << " J = ? p ; 
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cin » ari3Ly[ih 

} 

) 

int vector: iSud() 

{ 

int sum - 0 ; 

fori int i = Q; i < &ERftY„£lZ!E? L++ 5 
sum += array [i ] ; 
return sum; 

) 

void main( 1 
{ 

vector *my__vector « new vector? 

tout << "Enter Vector data * * * * « endl; 

my_vector->read ( J ; 

coufc << ®Sum of Vector = * << n^_vector->sum ( J ; 
delete my_vector; 

} 

Run 

Enter Vector data ... 
vector [01 = ? 1 
vector flj = ? 2 
vector[21 ■ ? 1 
vector 131 = ? j| 
vector l 4] « ? £ 
vector t 5] = ? £ 
vector[6] = ? 1 
vector [71 *72 
vector [8J - ? 2 
vector [9] 3 ? IQ 
Sum of Vector = 55 

, In main { ) * the statement 

vector *my_vector - new vector ? 
invokes the overloaded operator member function 

void * operator new ( size_t size I 
defined in the class vector as 

void * operator newt size_t size ) 

C 

vector *nty_vector; 

ifty_vector = : :new vector; // it refers to global new, otherwise 

// leads to recursive call of vector: :new 

my_vec tor- > array = new int [ARRAY_SXZEJ ; // calls : :new 

return my_ vector? 

) 

In the above function, the statement 

my_v«ctor ■ : mew vector? // it refers to global new, otherwise 
creates an object of the vector class. If scope resolution operator is not used, the overloaded np^ra- 



Copy righted material 




Chapter 13: Operator Overloading 



465 



it can be assigned to weight. The compiler has several built-in routines for the conversion of basic 
datatypes such as char toint> float to double, etc. This feature of the compiler, which performs 
conversion of data without the user intervention is known as implicit type conversion. 

The compiler can be instructed explicitly to perform type conversion using the type conversion 
operators known as typecast operators. For instance, to convert int to float, the statement is 
weight = (float! age; 

where the keyword float enclosed between braces is the typecast operator. In C++, the above 
statement can also be expressed in a more readable form as 
weight = float! age ); 

The* explicit conversion of float to int uses the same built-in routine as implicit conversion. 

13.16 Conversion between Objects and Basic types 

The compiler supports data conversion of only built-in data types supported by the language, The user 
cannot rely on the compiler to perform conversion from user-defined data types to primitive data types 
and vice-versa, because the compiler does not know anything about the logical meaning of user defined 
data types. Therefore, to perform a meaningful conversion, die user must supply the necessary conver- 
sion function. In this case, the conversion process can be from basic data types to user-defined data 
types or from the user-defined data types to basic data types. 

The process of conversion between the user-defined type and basic type is illustrated in the pro- 
gram meter. epp listed below. In this example, the user-defined type is the class Meter, which 
represents a unit of length in the MKS measurement system. The basic type is float, which is used to 
represent a unit of length in CGS measurement system. 

The conversion between centimeter and meter can be performed by the following relations: 
Length in Cms = Length in Meters * 1 00 
Length in Meters = Length in Cms / 100 

Where and How the conversion function should exist ? 

To convert data from a basic type to a user-defined type, the conversion function should be defined in 
user-defined object's class in the form of the constructor. This constructor function takes a single 
argument of basic data type as shown in Figure 1 3.7, 

Constructor of a class I I Primitive data item 

^ ^ 

Constructor (BasicType ) 

{ 

// steps for converting 
// BasicType to Object attributes 

) 



Figure 13*7: Conversion function: basic to user-defined 

In the case of conversion from a user-defined type to a basic type, the conversion function should 
be defined in user-defined object's class in the form of the operator function. The operator function is 
defined as an overloaded basic data- type which takes no arguments. It converts the data members of an 
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>? 



cout « "Length (in meter} = ■ « length; 



void main ( ) 

{ 

// Basic to User-defined conversion demonstration Section 
Meter meter 1; // uses constructors 

float lengthl; 

cout « "Enter Length {in cmsj : * ; 
cin » lengthl \ 

meter 1 * lengthl; // converts basic to user-def ined, uses constructorl 
meterl * ShowLength ( ) ? 

// User -defined to Basic conversion demonstration Section 
Meter meter2; // uses constructors 
float lengths ; 
meter£ , GetLength ( ) ; 

lengths = meter2; //converts user-defined to "basic, uses operator float ( ) 
cout « "Length {in cmsj = * « lengths ; 

} 

Run 

Inter Length (in cms] : 150.0 
Length (in riveter) =1*5 
Enter Length (in meters) * 1 . 669 
Length (in cms) - 166.900003 

Basic to User-Defined Data Type Conversion 

In main ( ) , the statement 

meterl = lengthl; // converts basic to user-defined, uses constructorl 
converts basic data item lengthl of float type to the object meterl by invoking the one-argu- 
ment constructor: 

Meter { float InitLength } // constructorl, one argument 

This constructor is invoked while creating objects of die class lie t er using a single argument of type 
float. It converts the input argument represented in centimeters to meters and assigns the resultant 
value to length data member. 

The statements such as 

Meter me ter 1 = 150*0; 
me ter 1 = lengthl; 

invokes the same conversion function* The only difference is, in die case of the first statement, the 
conversion function is invoked as a part object creation activity* whereas in the case of the second 
statement the compiler first searches for the overloaded assignment operator function, and if that is not 
found, it invokes the one-argument constructor. 

The distinction between the function definition and the assignment operator overloading for type 
con version is blurred by the compiler; the compiler looks for a constructor if an overloaded - operator 
function is not available to perform data conversion, 
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User-Defined to Basic Data Type Conversion 

In main () ♦ the statement, 

length^ = meter 2 j // convert user-defined to basic, uses operator float!) 
converts the object meter 2 to the basic data-item of float type by invoking the overloaded opera- 
tor function: 

operator float!) 

{ 

float LengthCms; 

LengthCms = length * 100,0; // meter to centimeter 
return { LengthCms ) ; 

> 

The above conversion function can also be invoked explicitly as folio ws^ 
lengths ■ ( float } meter 2 ; 

or as 

length2 m float! me ter 2 ); 

The compiler searches for the appropriate conversion function. First, the compiler looks for an over- 
loaded = operator. If it does not find one, then it looks for a conversion function and invokes the same 
implicitly for data conversion. 

Conversion between Strings and String Objects 

The program strconv . cpp demonstrates the use of a one argument constructor and a conversion 

function, 

/ / Streonv.epp; conversion between basic string I char *) and class string 
# include <iostream, h> 

# include <string*h> 

const int BUFF_SIZE = 50; // length of string 
class string // user defined string class 

{ 

private : 

char str |BUFF_SIZEJ ; 
public? 

string!) // constructor! without arguments 

{ 

strcpy ( str, "* ) t 

} 

string! char *MyStr ) // constructor 2 , one argument 

{ 

strcpy! str, WyStr ); // My Str is copied to str 

} 

void echo!) // display string 

{ 

cout « str; 

) 

// conversion function to convert String object item to char * item 
operator char * U // invoked if destination data-item is char* type 
C 
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return str; 

) 

} ; 

void main ( ) 

( 

// Conversion from string of type char * to string object 
char msg[20J * "OOFs the Great" ; 
string strl; // uses constructor 1 

strl = msg; // uses the function 'string? char *MyStr ) ' 

cout << "strl = " ; 
strl * echo C ) ; 

// Conversion from object to char * type 
char * receive; 

string s tr2 = "It is nice to learn 1 *; 

receive = str2; // uses the function 'operator char 11 () 1 
cout « “\nstr2 ■ 1 ; 
cout « receive; 

} 

/fan 

strl = OOPs the Great 
str2 - It is nice to learn 

In the above example, the one argument constructor 

string? char *MyStr | // constructors, one argument 

( 

strcpy ( str, NyStr } ; / / MyStr is copied to str 

1 

converts a normal string defined using char* to an object of class string. The string is passed m 
an argument to the function; it copies the string My str to the str data member of the object. 

The conversion will be applied during creation of the string object with initialization or during the 
assignment of a normal string to the string object, In the statement 
string strl = "It is nice to learn"; 

the conversion of normal string to string object initialization is performed during creation of the 
object str 2, Whereas, in the statement 

strl ■ msg; // uses the function ’string? char *MyStr } 
the conversion of normal string defined as char * type variable msg to string object initialization is 
performed during assignment. The conversion function 

operator char m O // invoked if destination data- item, is char * type 
{ 

return str; 

} 

is used to convert from a string object to a normal string. It is invoked by the the statement, 
receive = str 2; // uses the function 'operator char * { ) 

The object str 2 can also be passed to the indirection operator « to display a string stored in the data 
member str as shown in the statement, 



Copyrighted material 




Mastering C++ 



4.70 



cout << str2; 

The object str2h passed as an argument to the overloaded output stream operator «. But, it does 
noi know anything about the user-defined object str2. This is resolved by the compiler by searching 
for a function which converts the object to a data type known to the operator « O , In this case, the 
compiler finds the operator function char* { } , returning the char* type known to the stream opera- 
tor If the compiler does not find the conversion function* it reports an error 

“Operator cannot be applied to these operands in function main ( } * 

The program streemv. epp clearly demonstrates the data conversions that take place not only 
during object creation and in assignment statements, but also in the case of arguments passed to 
operators (for instance* «) or functions. Incompatible arguments can also be passed to an operator or 
a function as long as there exists a conversion function. The incompatibility between the formal argu- 
ments of the operator function and actual arguments is resolved by the compiler. 



1 3.1 7 Conversion between Objects of Different Classes 

The C+4 compiler does not support data conversion between objects of user-defined classes, Hie data 
conversion methods: one-argument constructor and conversion Junction can also used for conver* 
sions among user defined data types, The choice between these two methods for data conversion 
depends on whether the conversion function should be defined in the source object or destination 
object Consider the following skeleton code: 

ClassA object*; 

Cla&sB objeetb; 

objects = objectb; 

where objects and objectb are the objects of classes Cl ass A and Clause respectively. The 
conversion method can be either defined in ClassA or Class! depending on whether it should be a 
one- argument constructor or an operator function. 

Conversion Rowlint in Source Object: operator function 

The conversion routine in the source object's class is implemented as an operator function. The seg- 
ment of code shown in Figure 13.9 for class declaration demonstrates the method of implementing a 
conversion routine in the source object’s class. 

In an assignment statement such as* 
objects = objectb; 

objectb is the source object of the class class! and object* is the destination object of the 
class Class A, The conversion function operator ClassAO exists in the source object's class. 

The program d2rl *cpp illustrates the concept of defining a conversion routine in the source 
object The conversion of an angle between degrees and radians is achieved by the following relations: 

* Angle in Radian = Angle in Degree * PI / I SOD 

# Angl e i n Deg ree - An gle i n Radian * 1 §0 .0 / PI , where PI - 22/7 
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// Destination object clasS 
class Class A 
{ 

/ / ClassA stuff here 



); 

// Source object class 
class ClassB 
{ 

private; 

// attributes of classB 
public : 

operator Cl ass A i ) - 

{ 



Destination object's class name 

Conversion operator function 



// program stuff for converting ClassB object 
// to ClassA object attributes 






Figure 13J: Conversion rotitliw Jn source object 



/ / d2r1.cpp: Degree to Radian, Conversion Routine in Source class 

# include <iostreanwh> 

const float PI = 3,141592654; 

class Radian 



{ 

private i 

float rad? 
public : 

Radian ( ) 

{ 

rad = 0.0; 

} 

Radian! float initRad 
{ 

rad - InitRad? 

) 

float GetRadian { ) 

C 

return { rad ) ; 

} 

void Output ( ) 
f 

cout << * Radian = 

} 



// radian 

// cons true t or 0 , no arguments 

// constructor! 

// Access function 

// Display of radian 
« GetRadian!)? 
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class Degree 
{ 

private; 

float degree; // Degree 

public t 

Degree ( ) // constructors * no arg iments 

{ 

degree = 0.0? 

) 

// radian = degree; conversion routine at the source 
// This function will Joe called if we try to assign 
// object degree to object of type radian 
operator Radian ( i 
( 

// convert degree to radian and create an object radian 
/'/ and then return, here radian constructor! is called 
return ( Radian ( degree * PI / 180 . 0 ) ) ; 

) 

void Input ( J // Read degree 

C 

cout « "Enter Degree; " ; 
cin » degree; 

} 

}| 

void mainf void ) 
f 

Degree degl; // degree using const rue torO 

Radian radl; // radian using cons true tor 0 

// Read Input values 
degl * Input { J ; 

radl ®= degl; // uses "operator Radian ( ) r 

H display radian and degree 
radl . Output { } ; 

J 

Baal 

Enter Degree : ££ 

Radian - 1 . 570796 

Run2 

Enter Degrees 180 
Radian = 3.141593 

In main ( ) , the statement 
radl = degl; // uses 'operator Radian O ' 
assigns the degl object of class Degree to the radl object of the class Radian. Since both the 
objects degl and radl are instances of different classes, the conversion during assignment opera- 
tion is performed by the member function: 
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operator Radi an 0 
{ 

if convert degree to radian and create an object radian 
if and then return, here radian constructor! is called 
return ( Radian ( degree * PI / 180.0 } ); 

} 

It is defined in the source object's class Degree; it is chosen by the compiler for converting the object 
degl to radl implicitly, 

Conversion Routine in Destination Object: constructor function 

The conversion routine can also be defined in the destination object’s class as a one- argument con- 
structor. The segment of code shown in Figure 13, 10 for class declaration demonstrates the method of 
implementing a conversion routine in the destination object's class, 

// Source object class 
class ClassB 
{ 

// ClassB stuff here 



>1 



if Destination object class 
class ClassA 
{ 



private : 

// attributes of classA 
public : 

GlassAI ClassB objectb) 

{ 



Destination object’s class name 
object of a source class 

Constructor function 



if program stuff for converting ClassB object 
if to ClassA object attributes 
// Private attributes of ClassB are accessed 
if through its public functions 



} 

} r 

Figure 1 3,1 0; Con vers! o n rout! ne In destfnatl on object 

In an assignment statement such as 
objecta = objectb; 

objectb is the source object of ClassB and abject a is the destination object of class Class A. 
The conversion function {constructor function in this case) ClassA { ClassB objectb ) is 
defined in the destination object’s class. The program d2r2 , epp illustrates the concept of defining 
conversion function in the destination object 

// d2r2,Cpp; Degree to Radian. Conversion Routine in the Destination object, 

# include <iostream.h> 

const float PI = 3 .141592654? 



Copyrighted material 




474 



Mastering C++ 



class Degree 

( 

private: 

float degree; // Degree 

pUbliCJ 

Degre e U / / cons true tor 0 1 no ar guroen t s 

{ 

degree = 0,0? 

) 

float GetDegree ( ) // Access function 

C 

return { degree 'I r 

} 

void Input!! // mead degree 

{ 

cout « "Enter Degree? “j 
cin >> degree; 

} 

}J 

class Radian 

{ 

private; 

float rad? // radian 

public; 

Radi an U //cons tr u ctorO, no a r gumen t s 

{ 

rad - 0.0? 

) 

float GefeRadianO // Access function 

{ 

return! rad ) ? 

} 

if radian = degree; Conversion routine is in destination object's class 
Radian! Degree deg ) 

c 

rad * deg . Get Degree f } * PI / 180,0; 

! 

void Output U fi Display of radian 

( 

cout « * Radian * 1 « Get Radi an ( ! t 

> 

void main [ void } 

i 

Degree degl; // degree using cons t rue t or 0 

Radian radl; if radian using constructorO 

// Read Input values 
degl . Input { ) j 

radl « degl? // uses Radian! Degree deg ) 

x ad 1 * Output O r // display radian and degree 
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Runl 

Inter Degree: IS 
Radian - 1,570795 

Run2 

Enter Degree: 1BQ 
Radian - 3.141S93 

In main ( ) , the statement 

radl = degl; /f convert degree to radian, uses Radian! Degree deg ) 
assigns the user-de fined object degl to another object radl. Since, the objects degl and radl are 
of different types, the conversion during the assignment operation is perforated by a member function 
Radian ( Degree deg ) 

{ 

rad = deg,GetDegree( ) * FI / 180.0? 

} 

defined in the destination object's class Radian as a one-a^ument constructor. It is chosen by the 
compiler for converting the object degl 1 a attributes to radl ' s attributes implicitly. The construc- 
h tor must be able to access the private data members defined in the source object's class, The Degree 
class defines the following interface function 

float Get Degree f ) // Access function 

{ 

return! degree ) ; 

} 

to access the private data members. Note that the body of the function main () in the program d2r2 , cpp 
is the same as that in the program d2rl ,cpp s although the converstoniPtethods have appeared in 
different forms. 

Complete Conversion 

The program degrad, cpp illustrates the concept of defining conversion functions in the source or 
destination object’s class, In this program , angles in degrees can be converted to radians or angles in 
radians can be converted to degrees. The class Degree has conversion functions: constructor func- 
tion and operator function, A class can have any number of conversion functions as long their signa- 
tures are different, 

// deg rad, cpp: Degree to Radian data conversion and vice-versa 
# include <iostream.h> 
const float PI ■ 3.141592654; 
class Radian 
{ 

private: 

float rad; // radian 

public s 

Radian (1 // eonstructorO , no arguments 

{ 

rad ■ 0,0? 

1 
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An array of primitive data type can be accessed using integer subscripts only. However, when it is 
overloaded, it can take parameters other than integer types, i.e., the argument of an operator function 
I 1 need not be an integer; it can be of any data type. The program script . cpp illustrates the 
concept of overloading the subscript operator ( ] . 

/ / serlpiepp: Subscripted operator overloading 
# include <iostream.h> 

•include <string , h> 
typedef struct Account Entry 
{ 

int number; // account number 

char name [25]; // name of account holder 

} Ac count Entry; 
class Ac count Bo ok 
( 

private : 

int aCount; // account holders count 
AccountEntry account! 101; // accounts table 

publics 

AccountBooM int aCount In | // constructor 1 

£ 

aCount = aCount In; 

) 

void AccountEntry ( ) ; 

int operator ( ] ( char * nameln ) ; 

char * operator [ j (int number In ) ; 

); 

// takes name as input, returns account number 
int AccountBooks s operator [] ( char * name In | 

£ 

for ( int i ■= 0; i < aCount; i++ ) 

if| strcmpE nameln, account [i] .name 1 == 0 ) 

return account [i] .number; // found name, return its account number 
return 0 ; 

1 

// takes number as input, returns name corresponding to account number 
char * Account Be ok; : operator El (int number In ) 

£ 

for ( int i - 0; i < aCount; i++ ) 

if ( number in ■= account I i] .number ) 
return account [ i 3 , name ; 
return 0; 

) 

void AccountBook; ; AccountEntry ( ) 

( 

fort int i = 0; i < aCount; i++ ) 

( 

cout « " Account lumber j B ; 
cin » account [ i] .number; 
cout « 11 Ac count Holder Name; ■ * 
cin » account E i 1 «, name / 
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void maint void ) 

C 

Degree degl, deg2i if degree using constructors 

Radian radl , rad 2 ; // radian using constructorO 

/ / degree to radian conversion 
degl , Input Or' 

radl = degl; // convert degree to radian, uses 'operator Radian O ' 
radl , Output { ) ; 

// radian to degree conversion 
rad2 „ Input ( } ; 

deg2 - rad2; // convert radian to degree, uses Degree { Radian rad ) 
deg2 . Output ( } t 

} 

Run 

Enter Degree: l&Q 
Radian = 3,141593 
Enter Radian: 3 , 142 
Degree = 180,023331 

One-Argument Constructor or Operator Function ? 

From the above discussion, it is evident that either the one- argument constructor or the operator 
function can be used for converting objects of different classes. A wide variety of classes in the form of 
class libraries are available commercially. But they are supplied as object modules (machine code in 
linkable form) and not as source modules. The user has no control over the modification of such 
classes. This leads to a problem of conversion between the objects defined using the classes supplied 
by the software vendors and objects defined using the classes declared by the user. This problem can 
be circumvented by defining a conversion routine in the user- defined classes. It can be a one- argument 
constructor ora operator function depending on whether the user-defined object is a source or destina- 
tion object The thumb rules for deciding where conversion routine has to be defined are the fallowing; 

♦ If the user-defined object is a source object, the conversion routine must be defined as an operator 
function in the source object's class, 

♦ If the user-defined object is a destination object, the conversion routine must be defined as a one- 
argument constructor in* the destination object's class. 

♦ If both the source and destination object are the instances of user-defined classes, the conversion 
routine can be placed either in source object's class as a operator function or in destination object's 
class as a constructor function. 

1 3.1 8 Subscript Operator Overloading 

The subscript operator [ j can be overloaded to access the attributes of an object. It is mainly useful 
for bounds checking while accessing elements of an array. Consider the following definition 
int a ( 1 0 ] ; 

An expression such as a [20] is syntactically valid though it is accessing an element beyond the 
range. Such an illegal access can be detected by overloading subscript operators. The user defined 
class can overload the [ ] operator and check for validity of accesses to army of objects and permit 
access to its members only when the index value is valid. 
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) 

} 

void main { ) 

C 

int accno ; 
char name [251 ? 

AccountBook accounts t 5 ) j / / account having 5 customer* 

cout « "Building 5 Customers Database * « endl; 

acc ount s * Acc ount Ent ry O ; / / r ead 

cout « "\nAccessing Accounts Informat ion " ? 

cout « * NnTo access Name Enter Account Number : * j 

cin » accno; 

cout « "Name: ■ « accounts [accno] j //operator [] ( int number In J 
cout « " \nTo access Account Number, Enter Names " ; 
cin » name; 

cout « "Account Numbers * « accounts [name 1 1 

/ / uses , operator [ ] ( char *nameln ) 

1 

Run 

Building 5 Customers Database 
Account Numbers 1 
Account Holder Mamet Ka-ikumar 
Account Number: 2. 

Account Holder Name: Kiran 
Account Number: i 
Account Holder Name; Ra vi s h anker 
Account Number; £ 

Account Holder Name: Anand 
Account Number: £, 

Account Holder Name; Slndhu 
Accessing Accounts Information 
TO access Name Enter Account Number: X 
Names Rajkumar 

To access Account Number, Enter Name: Sindhu 
Account Number; 5 

In main { > , the statement 

ac coun t s , Ac countBn try { ) j // read 

reads a database of five account holders and initializes the object's data members. The statement 
cout « "Names " « accounts [accno 1 s // operator tl ( int number In ) 
uses the function 

Char * operator 1 3 | int n timber In ) ; 
and returns the name of the account holder for a given account number, The statement 
cout « "Account Number; " « accounts [name] i 
uses the function 

int operator [ I ( char *nameln 1 

arid returns the account number corresponding to the name of the given account holder’s name, The 
compiler selects the appropriate function which matches with the actual parameter 1 s data type. 
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1 

void gatdataO; // read complex number 

void outdated char *msg ) ; // display complex number 

/ / overloading of unary minus operator to support c2 * - cl 

friend complex operator - ( complex cl ) 

C 

complex c; 

C.real = -cl. real; 
c . imag - -cl * imag; 
return ( C ) ; 

) 

void readdatai j ; 

}s 

void comp lex s ireaddata {) 

c 

cout << "Real Part ? * j 
cin >> real | 
cout « *lmag Fart ? B j 
cin » imag; 

> 

void complex: :outdatat char *msg ) 

{ 

cout « endl << msg; 
cout « ■ i 1 « real; 
cout « “ f ” « imag « N 3 " ; 

} 

void main { ) 

{ 

complex cl i c2 ; 

cout « "Enter Complex cl . . • « end! ; 
cl . readdata { ) ; 

c2 * -cl t / / invokes complex operator - 0 

cl.outdata( * Complex cl : * I; 

c2 * outdated "Complex c2 - -Complex cl* ■ J ; 

> 

Run 

Enter Complex cl. . 

Real Part ? 1 . 5 

Imag Part ? “2 . 5 

Complex cl : {1*5, -2 * S 1 

Complex c2 = -Complex cl: <-1,5, 2,5) 

The complex number negation function without a friend is declared as follows: 
complex operator - {) 

In this case, arguments are implicitly assumed. Using the keyword friend, it is declared as follows: 

■¥ 

friend complex operator - t complex cl ) 

The above friend operator function cannot access members of the class complex directly, unlike its 
member functions. In main O f the statement 
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13.19 Overloading with Friend Functions 

Friend functions play a very important role in operator overloading by providing the flexibility denied 
by the member functions of a class. They allow overloading of stream operators (« or ») for stream 
computation on user defined data types. The only difference between a friend function and member 
function is that, the friend function requires the arguments to be explicitly passed to the function and 
processes them explicitly, whereas the member function considers the first argument implicitly. Friend 
functions can either be used with unary or binary operators. The syntax of operator overloading with 
friend functions is shown in Figure 13. 11- 



friend keyword 

k Function return type : primitive, void, or user defined 
-► Keyword 



- Operator to be overloaded 

Arguments to 
operator function 



friend ReturnType operator Opera tor Symbol (argl [ , arg2 3 } 
{ 

// body of Operator Friend function 

1 



Figure 13.11 : Syntax of overloading with frisnd function 

The prototype of the friend function must be prefixed with (he keyword friend inside the class 
body* The body of friend function can appear either inside or outside the body of a class. It is advisable 
to define a friend function outside the body of a class. The definition of the Mend function outside the 
body of a class is defined as normal function and is not prefixed with the friend keyword- The 
arguments of the friend functions are generally objects of friend classes. In a Mend function, all the 
members of a class (to which this function is a friend) can be accessed by using its objects. Frienc 
function is not allowed to access members of a class (to which it is a friend) directly, bm it cm access 
all the members including the private members by using objects of that class , Hence, a friend function 
is similar to a normal function except that it can access the private members of a class using its objects. 

Unary Operator Overloading using Friend Functions 

The program complex * epp illustrates the concept of negation of complex numbers. The negation 
function returns negated object without modifying the source object, 

ff comp1ex6.cpp; Negation of complex nuntoer with Unary Operator 
# include <iestream.h> 
class coup l ex 

{ 

private: 

float reai^ 
float imag: 
public : 

complex () // no argument -constructor 

( 

real = irnag = 0,0t 
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c2 * -cl; / / invokes unary operator function, complex operator - II 
computes the negation of el and assigns it to c2. It returns the negated result without negating 
contents of the cl object. The object cl is passed as a value parameter to the negate operator function 
and any modification to its data members will be reflected in the cl object. 

The negation operation can also be applied to an object to modify its data members. In this case, the 
same object acts both as a source and a destination object. It is similar to representing a negative 
number. This can be achieved by passing the object as a reference parameter to the negation operator 
function so that, the negation of its data members can be also reflected in the calling object. The 
program comp lex 7 . epp illustrates the concept of negation of complex numbers having the same 
source and destination operands. 

// complex7.cpp: Negation of Complex Number with Unary Operator Overloading 
# include <iostream . h> 
class complex 
{ 

pr ivate: 

float real ? 
float imag ; 
public t 

complex U { real = imag * Or } 

void readdata ( ) ? 

void outdataf char *msg ) i 

H Note: friend function with explicit reference parameter 
/ / overloading of unary minus, -cl 

friend void operator - ( complex k cl I ? ft definition outside 

)J 

U friend function of the class complex 

// Note that, the keyword friend should not prefixed while defining outside 
void operator - I complex & el J 

I 

cl. real = -cl. real? 
cl. imag - -cl. imag? 

) 

void complex: : readdata ( } 

{ 

cout « "Real Part ? “ ? 
cin >> real; 
cout « “ Imag Part ? * i 
cin >> imag; 

> 

void complex; : out data ( char *msg } 

{ 

cout << endl << may; 
cout « * I " « real? 
cout « m , * « imag « * ) * ? 

} 

void main ( ) 
t 

complex cl? 
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cout << "Enter Complex cl + *“ « endlf 
cl . readdataO ? 

-elf // invokes unary operator function, complex operator - ( ) 
cl . outdata ( “Result of “Complex cl; ■ } j 

) 

Bim 

Enter Complex cl . * 

Real Part ? 1 . 5 
Imag Part ? -2,5 

Result of -Complex cl: (-1,5, 2*5} 

In main ( ) , the statement 

-cl ; // invokes unary operator function, coitplex operator - O 

invokes the function 

void operator - { complex & cl } 

by passing the object cl by reference. Thus, the negation of cl in the function is also reflected in the 
calling object, Note that s the definition of operator friend function is the same as normal functions. 

Binary Operator Overloading using Friend Function 

The complex number discussed in the program comp 2 ex2 . cpp can be modified using a Mend opera- 
tor function as follows: 

1. Modify the member function prototype as follows: 

friend complex operator + ( complex cl* complex c2 ) 

2. Redefine the operator function as follows: 

friend complex operator + ( complex cl, complex c2 j 
( 

complex c; 

c « real = cl * real + c2 ♦ real ; 
c , imag « cl , imag + c2 , imag; 
return { c ) r 

} 

In the above definition, the input object parameters cl and c2 are handled explicitly without consider- 
ing the first argument as an implicit argument. The statement 
c3 = cl + c2; 
is equivalent to the statement 

c3 = operator + ( cl, c2 ) ; 

The result generated by the friend function is same as that generated by the member function. But, 
friend functions offer the flexibility of writing an expression as a combination of operands of user 
defined and primitive data types. For in stance } consider the statement 
c3 - cl + 2 . 0 s 

The expression cl + 2 . 0 is made up of the object cl and a primitive type. In case of an operator 
member function, both the operands must be of object's data type. When the friend operator functions 
are used, both the operands need not be instances of user-defined data type. It requires a parameterized 
constructor taking a primitive data type parameter The program complexB . cpp illustrates the con- 
cept of overloading an operator function as a friend function. 
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e 3 = 3,0 + c2? // c3 = complex { 3.0 ) 4 c2 

c3 . outdata ( "Result of c3 = 3 . 0 t c2 : “ ) ; 

i 

Run 

Enter Complexl cl\ , ; 

Real Part ? 1 
I mag Part 7 2 . 

Enter Complex2 c2 . , s 
Real part ? 1 
I mag Part ? 4 

Result of c3 = cl + c2 ; f4, 6) 

Result Of C3 ® Cl 4 2.0: {3, 2) 

Result of c3 = 3,0 4 c2 ; [6, 4) 

In main t > T the statement 

c3 = cl + 2. Of // c3 = cl + complex (2.0} 
has an expression, which is a combination of the object c 1 and the primitive floating point constant 2.0, 
Though, there is no member function matching this expression, the compiler will resolve this by treating 
the expression as follows: 

c3 = cl + complexl 2.0 ) ; 

The compiler invokes the single argument constructor and converts the primitive value to a new tempo- 
rary object (here 2.0 is considered as a real part of the complex number) and passes it to the friend 
operator function: 

friend complex operator + ( complex clj complex c2 ) 

The sum of the object cl and a new temporary object complex ( 2*0 ) is computed and assigned 
to object c3. The new temporary objects are destroyed immediately after execution of the statement due 
to which it is created. The above expression can also be written as 
C3 = 2.0 4 Gif 

Recall that the left-hand operand is responsible for invoking its member function; but this statement has 
a numeric con slant instead of an object. The outcome of either expression is the same, since the 
compiler treats it as follows: 

c3 * complex I 2.0 1 + elf 

In C++, an object can be used not only to invoke a friend function, but also as an argument to a 
friend function. Thus, to the friend operator functions, a built-in type operand can be passed either as 
the first operand or as the second operand. 

Overloading Stream Operators using Friend Function 

The iostream facility of C++ provides an easy means to perform I/O The class i stream uses the 
predefined stream cin that can be used to read data front the standard input device. The extraction 
operator >> is used for performing input operations in the iostream library. The insertion operator 
« h used for performing output operations in the iostream library. 

Similar to the built-in variables, the user-defined objects can also be read or displayed using the 
s j-eam operators. In case of the overloaded operator « function, the oatre&m & is taken as the first 
argument of a friend function of a class. The return value of this friend function is of type os tr earn & 
as shown in Figure 13.12. 



Copyrighted material 




486 



Mastering C++ 




friend ostream k operator << I ©stream &Out, arg } 
C 



// display attributes of user defined object; arg with cout or Out 
^ return out; — 1 _ 1 -■ Reference object return: cout 

Figure 13,12: Overloading output stream operator as friend function 

Similarly, for overloading the » operator, the istream & is taken as the first argument of a friend 
function of the class. The return value of this friend function is of type is t r earn & as shown in Figure 
1 3, 1 3. In both the cases, a reference to an object of the current class is taken as the second argument and 
the same is returned by reference. 




return In; 

} 



Reference object return, an 



Figure 13+13: Overloading Input stream operator as friend function 

The program ,coir^ lex 9 * cpp illustrates the flexibility of overloading stream operators and their 
usage with objects of the user defined data type. 

// complexS.cpp: Addition of Complex Numbers with stream overloading 
# include <iostream,h> 
class complex 
{ 

private ; 

float real; 
float imag; 
publics 
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8m 

Enter Complexl cl. - ; 
leal Part ? 1 
I mag Part ? 2 
Enter Comp lex 2 c2. , ; 

Real Fart ? 2 
I mag Part ? A 

Result of c3 - cl + c2: (4 , 6) 

Result of c3- cl +2,0; (3. 2) 

Result of c3 * 3*0 + c2 : {6, 4] 

In main f ) * the statements 
cin >> cl; 
cin >> c2j 

read user-defined class's objects cl and c2 in the same way as built- in data type variables by using die 
input stream operator. Also, the sum of the complex numbers cl and c2 stored in c 3 is displayed by 
the statement, 

cout « c3 ; 

similar to any built-in data item using the output stream operator, The overloaded stream operator 
functions performing I/O operations with complex numbers are the following: 

friend is cream & operator » { is cream &Xn f complex &c ) ; 
friend os t ream & operator << ( os tr earn &0ut, complex kc ) ; 

Hie classes 1st ream and os t ream are defined in the header file lost ream. h f which has been 
included in the program. C++ does not allow overloading of operators listed in Table 13.2 as friend 
operator functions. They can, however be overloaded as operator member functions. 



Operator Category 


Operators 


Assignment 


= 


Function call 


( ) 


Subscribing 


t 1 


Class Member Access 


-> 



Table 13.2: Operators that cannot be overloaded as friend operators 

1 3.20 Assignment Operator Overloading 

The compiler copies all the members of a user-defined source object to a destination object in an 
assignment statement, when its members are statically allocated, The data members, which are dynami* 
c&lly allocated must be copied to the destination object explicitly by overloading the assignment opera- 
tor* TWo examples of this process are the assignment operator and the copy constructor. Consider the 
following statements: 

vector vlC 5 ) , v2 { 5 > } 

vl = v2| // operator = invoked 
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vector v3 = v2; // copy constructor is invoked 

The first statement defines two objects vl and v2 of the class vector. The second assignment 
statement 

vl = v2 i 

will cause the compiler to copy the data from v2* member- by-member, intovL The action is similar to 
the default operation performed by the assignment operator. The next statement 
vector v3 = v2 ; 

initializes one object with another object during definition. This statement causes a similar action after 
creating the new object v3. The data members from v2 are copied member-by- member into v3. This 
action is similar to the operation performed by the copy constructor, by default. 

The default actions performed by the compiler (to perform assignment operation) are insufficient if 
the object's slate is dynamically varying. Such objects can be processed by overriding these default 
actions. The program vector.cpp illustrates the concept of overriding default actions by the user- 
defined overloaded assignment operator and copy constructor. 

// veetorxpp; overloaded assignment operator for vector elements copying 
# inc lude < io s t r earn * h> 
class vector 

I 

int * v? // pointer to vector 

int size? // size of vector v 

public: 

vector { int vector. size ) 

{ 

size = vectors ize; 
v = new int[ vector.size ]; 

} 

vector! vector &v 2 )? 

-vector { ) 
l 

delete v; 

> 

void operator ■ ( vector k v2 } ; 
int & elem! int i ) 

{ 

i f ( i >= size ) 

cout << endl << "Error; Out of Range"; 
return v[i] ; 

> 

void show t ) % 

>; 

// copy constructor, vector vl = v 2 ; 
vector :: vector ( vector &v 2 } 

I 

cout << "\nCopy constructor invoked" i 

size = v2 .size; // size of vl is equal to size of v2 

v = new int [ v2 * s i ze 1 ; // allocate memory of the vector vl 
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£ or ( int i = Or i < v2.size; i++- } 
vti] = v2 * v ( i ] ; 

) 

// overloading assignment operator, vl = v2 , vl is implicit 
void vector! : operator = ( vector & v2 } 

{ 

cout « ■ \ nAs s i gnment opera t i on i nvoked ' ; 

// memory is already allocated to the vector and vl*size - v2,size 
for ( int i = 0; i < v2 .size; i++ ) 
v[i] = v2 + vti] ; 

1 

void vector : : show t ) 

{ 

for ( int i - 0; i < size; i++ ) 
cout << elem{ i j « m t " ; 

> 

void mai^ ( ) 

{ 

int i; 

vector vl ( S ) , v2 ( 5 > ; 

for ( i * O.f. i < Sf i++ ) 
v2*#lem( i J = 1 + Ij 

vl m v2,* // operator * invoked 

vector v3 = v2; // copy constructor is Invoked 

cout « ■ \nv*Ctor vl i m t 

vl . show [ ) i 

cout « ■\nvector v2* " j 
v2 , show( ) ; 

cout « ■ \nvector v2 ; * j 
v3 j show f ) ; 

) 

Run 

Assignment operation invoked 
Copy constructor invoked 



vector 


vl: 1, 2 t 3 , 


4, 5 , 


vec tor 


v2; 1, 2 r 3 * 


4 * 


5, 


vector 


v2* I, 2 1 3 , 


4, 


5 , 



The overloaded = operator function does the job of copying the data members from one object to 
another. Hie function also prints a message to assist the user in keeping track of its execution, 

Hie copy constructor 

vector ( vector &v2 ); 

takes one argument, an object of the type vector, passed by reference. It is essential to pass a 
reference argument to the copy constructor. It cannot be passed by value. When an argument is passed 
by value, its copy is constructed using the copy constructor, i.e. f the copy constructor would call itself 
io make this copy, This process would go on until the system runs out of memory. Hence, arguments to 
the copy constructor must be always passed by reference, thus preventing creation of copies. A copy 
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iff (ptr = mallocf size )) » HULL ) 

{ 

cout << *cut of memory space* j 
exit{ 1 } i 

) 

if C space_debug } // debug switch is ON, store memory info 

fprintf ( £p_space, “new{ %d ) -> %x\n“ , size, ptr ) ; 
return ptr; 

} 

void operator delete ( void *ptr ) 

( 

iff 6pace_debug ) 

{ 

// open leak debug info file which is unopened 
if ( fp_space == HULL ) // first time call to new or delete 

( 

i£{ (£p„space = fopent “space . raw* , "w" }) = = NULL J 

{ 

tout « "Error opening space. raw in write mode"; 
exit ( 1 ) ; 

} 

} 

) 

iff ptr ) ft if valid pointer 
{ 

free! (char *) ptr ); 

lf( epace_debug ) H debug switch is OH, store memory info 
fprintf ( fp^space, "free <- %x\n", ptr ) ; 

> 

} 

void main ( ) 

{ 

int "vector; 
char "buffer/ 

vector - (int *) new inti 10 1* 
buffer = (char *} new char[ 6 ] ; 
for( int i = 0 ; i < 1 0 ; i++ ) 
vector [i] - i+1; 
strcpyt buffer, “hello" ) ; 
cout « "vector = ' ; 

fort i s 0; 1 < 10; i++ ) 
cout « vector [i] « * * ; 

cout « endl << “buffer = " << buffer; 
delete vector; // vector is deallocated 
f closet fp„space h 

} 

Bun 

vector = 12345^78910 

buffer = hello 
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the feature of operator overloading. Consider an example of overloading the + operator to perform 
arithmetic on the user- defined objects x + y. and z, The statement* 
x - y + z; 

can represent a different meaning as compared with that conveyed by the opera: ion with basic data 
types. In the body of overloaded function, even if subtraction operation is performed instead of addi- 
tion, C++ neither signals an error nor restricts such operation. The above operation can also mean 
concatenation of strings y and z, and storing the result in x (x, y p and z are object's of String class}. 
Titus* operator overloading provides the ability to redefine the building blocks of the language and 
allows to manipulate the user- defined data- items in a more intuitive and readable way. 

The program misuse , epp illustrates the misuse of the operator overloading feature in C++. The 
compiler only validates syntax errors but not the semantics, 

// misuse. epp: Misuse of operator overloading* performs subtraction instead 
// of addition operation 

# include dost ream. h> 
class number 
{ 

private : 
int mm; 
public 5 

void read ( ) // number read function 

{ 

cin » num; 

1 

int getU // private member num access function 
{ 

return num; 

> 

// overloaded operator for number addition 
number operator* f number num 2 ) 

! 

number sum; 

sum. num = num - num2.num; // subtraction instead of addition 
return sum; 

} 

}j 

void main ( } 

t 

number numl, num2* sum; 

cout << “Enter Number Is ■ ; 
numi . rmdO ; 

cout ** "Enter Number 2% u t 
num2 „ read{) * 

sum = numl + num2 ? // addition of number 

cout << “sum - numl + num2 = “ << sum, get U; 

1 

Runl 

Enter Number 1 23 
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3. Use Functions when Appropriate 

An operator must not be overloaded if it does not perform the obvious operation. It should not demand 
the user s effort in order to identify the actual operation performed by the operator. The main aim of 
overloading is to make the program code more readable. If the meaning of an operation to be performed 
by the overloaded operator is unpredictable or doubtful to the user, it is advisable to use a more 
descriptive and meaningful function name. 

4. Avoid Ambiguity 

The existence of multiple data conversion routines performing the same operations, places the compiler 
in an ambiguous state. It does not know which one to select for conversion. For instance, existence of 
a one-argument constructor in the destination object's class and operator function also in the source 
object's class performing the same conversion function confuses the compiler; it does not know which 
one to select and issues an error message, Therefore, avoid defining multiple routines performing the 
same operation, which become ambiguous during compilation. The program confuse .cpp illus- 
trates the ambiguity which arises when multiple conversion routines exists in a program. 

// confuse Cpp conversion routines for object A's to object B 
class B; // forward specification 

class A // source class 

C 

// data members of the class A 
public; 

AH 

O 

// conversion routine in source, operator function 

operator BO 

( 

B b_ob j ; 

// convert A class's object into class B's object, b_obj 
return b_ob j ; 

) 

// other member functions of the class A 

1 ; 

class B // destination class 
{ 

// data members of the class B 
public : 

BO 

{) 

// conversion routine in destination, one-argument constructor 

Bt A } 

{ 

// convert source class A's object to initialize data members of B 

> 

/ / other member functions of the class B 

}; 

void main{ void ) 

A a_ob j ; 
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B b_ob j ; 

b_obj w a_obj| 

// other operations on objects of the classes h and B if necessary 



lb main ( 5 , the statement 
b_obj - a_obj ; 

leads to the following compilation error: 

Error confuse . cpp 35: Ambiguity between 'A?? operator B{)' and 'BiiBtA} 1 
in function main ( ) 

It is because the source object a_obj *s class A has operator conversion function and the destination 
object b_ob j *s class B also has conversion function in the form of one-argument constructor function, 

5. AH Operators Cannot be Overloaded 

C++ supports a wide variety of operators, but all of them cannot be overloaded (see Table 13 J) to 
operate in an analogous way on standard operators. These excluded operators are very few compared 
to the large number of operators, w hich qualify for overloading. 



Operator Category 


Operators 


Member access 


(dot operator) 


Scope resolution 


i : (global access) 


Conditional 


? ; (conditional statement) 


Pointer to member 


# 


Sixe of Data Type 


sizeof ( * * ) 



Table 13,3: Non-Overloadabie C++ operators 



An operator such as ? : has an inherent meaning and it requires three arguments. C++ does not 

support the overloading of an operator, which operates on three operands. Hence, the conditional 

operator, which is the only ternary operator in the C++ language, cannot be overloaded. 

Review Questions 

13.1 What is operator overloading ? Explain the importance of operator overloading, 

13.2 List the operators that cannot be overloaded and justify why they cannot be overloaded. 

13*3 What is operator function ? Describe operator function with syntax and examples. 

13.4 Write a program to overload unary operator, say ++ for incrementing distance in FPS system. 
Describe the working model of an overloaded operator with the same program. 

13.5 What are the limitations of overloading unary increment/decrement operator ? How are they 
overcome ? 

13.6 Explain the syntax of binary operator overloading. How many arguments are required in the 
definition of an overloaded binary operator ? 

13.7 Write a program to overload unary operator for processing counters. It should support both 
upward and downward counting. It must also support operator for adding two counters and 
storing the result in another counter. 
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1 3.$ Wri leap rog ram t o o ve rl oad arilb mctic operate rs for ma ni p ul ati ng v colors . 

13,9 Overload new and delete operators to manipulate objects of the Student class* The Stu- 
dent class must contains data members such as char ^naine* int roll_no, int branch, 
etc. The overloaded new and delete operators must allocate memory for the student class 
object and its data members. 

13*10 Design classes called Polar and Rectangle for representing a point in the polar and rect- 
angle systems. Support data conversion function to support statements such as: 

Rectangle rl r r2 ; Polar pi, p2 ; 
rl pi; p2 - r2i 

13*11 Write a program to manipulate N student objects. Overload the subscript operator for bounds 
checking while accessing i lh * Student object. 

13.12 Why is the friend function not allowed to access members of a class directly although its body 
can appear within the class body 7 

13.13 Write a program to overload stream operators for reading or displaying contents of Vo c ton 
class's objects as follows: 

c.ln >> vl; cout << v2; 

13*14 $ug gc s t and im p i eme man appro ach to trace memory leakage . 

13*15 State wi t h reasons whether the fol lo wi ng s taiemcn ts are TRU E or FALS E : 

(a) Precedence and associativity of overloaded operators can be changed. 

(b) Semantics of overloaded operators can be changed. 

(c) With overloading binary operator, the left and right operands are explicitly passed, 

(d) The overloaded operator functions parameters must be user-defined objects only. 

(e) A constructor can be used lo convert a user-defined data types only. 

(0 An object of a class can be assigned to basic type operand. 

(g) Syntax of overloaded operators can be changed. 

(h) The parameter type to overloaded subscript [ ] operator can be of any data type, 

(i) Friend function can access members of a class directly* 

(j) The ternary operator can be overloaded. 

(k) The compiler reports an error if overloaded + operator performs - operation, 

13*16 Design classes such that they support the following statements: 

Rupee rl, r2; Dollar dl, d2 ; 

dl * r2; / i converts rupee {Indian currency) to dollar (US currency] 
r2 m d2 | // converts dollar (US currency) to rupee (Indian currency] 
Write a complete program which does such conversions according to the world market value* 
13*17 Write a program for manipulating linked list supporting node operations as follows: 
node = node + 2 ; node - node - 3 ? 

The first statement creates a new node with node information 2 and the second statement 
deletes a node with node information 3. 

13*1$ Write a program for creating a doubly linked list. It must support the following operations: 
firstnode = node ; firstnode += 10; fttode *n - nodel + node2; 

The doubly linked list class should have overloaded node creation and deletion operator func- 
tion should appear in the form of overloaded + and - operator functions respectively. 

13.19 Write an interactive operator overloaded program for manipulating matrices. Overload operators 

such as », << T +, *, 

1 3.20 Write an intcrac ti ve operator overl oaded program to man ipulate the three- van abl e pol y nomi al : 
tyty^ + ,x ft y ! , z ft '+... + ajX’yV+i^ 
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14.1 introduction 

Inheritance is a technique of organizing information in a hierarchical form. It is like a child inheriting the 
features of its parents (such as beauty of the mother and intelligence of the father). In real world, an 
object is described by using inheritance. It derives general properties of an object by tracing an inher- 
itance tree from one specific instance, upwards towards the primitive concepts at the root, 

Inheritance allows new classes to be built from older and less specialized classes instead of being 
rewritten from scratch. Classes are created by first inheriting all the variables and behavior defined by 
some primitive class and then adding specialized variables and behaviors. In object oriented program- 
ming, classes encapsulate data and functions into one package. Mew classes can be built from existing 
ones, just as a builder constructs a skyscraper out of bricks, stone, and other relatively simple material 
The technique of building new classes from the existing c lasses is called inheritance. 



Base class 



Derived class 



Feature A 



Feature B 



Feature C 



Feature D 



Feature A 



Feature B 



Feature C 



Defined in derived class 



Defined in base class 
and also accessible from 
derived class 



Figure 141 : Base class and derived class relationship 

Inheritance, a prime feature of OOPs can be stated as the process of creating new classes (called 
derived classes ), from the existing classes (called hose classes) : The derived class inherits all the 
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capabilities of the base class and can add refinements and extensions of its own. The-base class remains 
unchanged. The derivation of a new class from the existing class is represented in Figure 14.1 . The 
derived class inherits the features of the base class (A t B s and C) and adds its own features (D)* The 
arrow in the diagram symbolizes derived from. Its direction from the derived class towards the base 
class, represents that the derived class accesses features of the base class and not vice versa. 

A number of terms are used to describe classes that are related through inheritance. A base class is 
often called the ancestor, parent, or superclass, and a derived class is called the descendent, child, or 
subclass. A derived class may itself be a base class from which additional classes are derived. There is 
no specific limit on the number of classes that may be derived from one another, which forms a class 
hierarchy. 

14.2 Class Revisited 

C++, not only supports the access specifiers private and public, but also an important access 
specifier, protected, which is significant in class inheritance. As far as the access limit is concerned, 
within a class or from the objects of a class, protected access-limit is same as that of the private 
specifier. However, the protected specifier has a prominent role to play in inheritance. A class can use 
all the three visibility modes as illustrated below: 

class ClassName 

< 

pr ivate: 

, . , * // visible Co member functions within 

, , , , // its class but not in derived class 

protected : 

. . . . // visible to member functions within 

. . . , //its class and derived class 

public : 

. , , . // visible to member functions within 

. , , „ // its class, derived classes and through object 

Similar to the private members of a class, the protected members can be accessed only within the 
class, That is, in the hierarchy of access, privilege code (members and friends) can see the whole 
structure of an object whereas, the external code can see only the public features. Consider the follow- 
ing definition of a class to illustrate the visibility limit of the various class members: 

class X 
{ 

private : 
int a; 
void f 1 ( ) 

{ 

// , .. can refer to members a, b, c # and functions f 1 , £2 f and £3 

) 

protected : 
int b; 
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void f 2 £) 

{ 

// ♦ ♦ can refer to members a, h, c r and function® fl, £2, and f3 

) 

publics 
int c ; 
void £30 
{ 

// . . can refer to members a, b r c, and functions fl # f 2 , and f3 

} 



Hie data member a is private to class X and is accessible only to members of its own class, that is, 
member functions fit) , f2 () , £3 {) tan access a directly. However, statements outside and even 
member functions of the derived class are not allowed to access a directly. In addition, the member 
function fit) can be called only by other members of class X, The statements outside the class cannot 
call fit), which is exclusively a private property of the class x. 

The data memherb and the member function f 2 O are protected. These members are accessible to 
other member functions of the class X and member functions in a derived class. However, outside the 
class, protected members have private status. The statements outside the class cannot directly access 
members b or £ 2 O using the class. 

The data member c and the member function f 3 ( ) are public, and may be accessed directly by all 
the members of the class x t or by members in a derived class, or by objects of the elms. Public members 
are always accessible to all users of the class. 

The following statements, 

X objxf // objx is an object of class X 

int d; // temporary variable d 

define the object objx of the class X and the integer variable d- The member access privileges are 
illustrated by the following statements referring to the object objx. 

1 . Accessing private members of the class X 

d = objx. a; // Error; f X: :a f is not accessible 
objx.fK); // Error: 1 X: :fl{) 1 is not accessible 

Both the statements are invalid because the private members of a class are inaccessible to the object 
objx. 

2 . Accessing protected members of the class X 

d ” objx.b; // Error; *X: :b* is not accessible 
objx. f2 Or // Error: 1 X: : f 2 H 1 is not accessible 
Both the statements arc invalid because the protected members of a class are inaccessible since they are 
private to the class X. 

3. Accessing public members of the class X 

d = objx. C| //OK 
objx . f 3 ( ) j / / OK 

Both the statements are valid because the public members of a class are accessible to statements 
outside the scope of the class. 
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The program bag * cpp uses the access modifier protected to hold data members, instead of using 
the private access specifier. It indicates that the protected members are inheritable to derived classes. 
However, they have the same status as private members in the base class. 

// bag, cpp: Bag into which fruits can be placed 

# include <|os tream. h> 

emixn boolean ( FALSE, TRUE } ; 

/ / Maximum number of items that a bag can hold 
const int MAX_ ITEMS = 25; 
class Bag 
{ 

protected; // Mote; not private 

int contents [MAX_ITSMS] ; // bag memory area 

int ItemCount; // Number of items present in a bag 

public : 

Bag f I // no -argument constructor 

{ 

ItemGount s 0; // When you purchase a bag, it will be empty 

) 

void putt int item ) // puts item into bag 

{ 

contents t ItemCount** J = item; // item into bag, counter update 

} 

boolean XsEmptyO // 1, if bag is empty, 0, otherwise 

{ 

return ItemCount -= 0 ? TRUE % FALSE; 

} 

boolean IsFullO // 1, if bag is full, 0, otherwise 

( 

return ItemCount — KAX_XTEMS ? TRUE ; FALSE; 

} 

boolean XslKistt int item, J; 
void shown ; 

5 ? 

// returns 1 , if item is in bag, 0, otherwise 
boolean Bag; ; isExist { int item ) 

{ 

fort int i = 0 ; i < ItemCount; i*+ ) 
i f C contents l i] ■■ it™ ) 
return TRUE; 
return FALSE; 

> 

// display contents of a bag 
void Bag: :showi ) 

{ 

for( int i - 0; i < ItemCount; i++ } 
cout « contents l i] « * ■ ; 
cout « endl; 

} 
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void main ( J 

C 

Bag bag,* 
int item; 
while £ TRUE } 

{ 

coufc « “Enter Item Number to be put into the bag <D-no item>; 
ein >> item; 

if( item == 0 ) // end of an item, break 

break; 

beg, put i item J ; 
cout « « Items in Bag: 
bag . show { ) ; 
if ( bag . IsFull £ ) ) 

f 

cout « “Bag Full , no more items can be placed"; 
break ; 

> 

} 

) 

Bud 

Enter Item Number to be put into tjie bag <D-no item> : 1 
Items in Bag: 1 

Enter Item Number to be put into the bag <0-no item> : 2 
Items in Bags 1 2 

Enter Item Number to be put into the bag <0-no 2 

Items in Bagi 123 

Enter Item Number to be put into the bag <0-n© it©m>: 2 
Items in Bag; 1233 

Enter Item Number to be put into the bag <Q-no it em>: 1 
Items in Bag: 12331 

Enter Item Number to be put into the bag <Q-no item>: g 

In main (> , the statement, 
lag bag i 

creates the object bag and initializes the data member itemCount to 0 through a constructor. The 
statement 

bag* put ( item ) ; 

stores the items into the bag* It does not check for the entry of duplicate items into a bag. Any item type 
can be placed any number of times into a bag and of course, without exceeding the limit or size of bag. 

14.3 Derived Class Declaration 

A derived class extends its features by inheriting the properties of another class, called base class and 
adding features of its own. Hie declaration of a derived class specifies its relationship with the base 
class in addition to its own features. The syntax of declaring a derived class is shown in Figure 14.2. 
Ne*e that no memory is allocated to the declaration of a derived class, but memory is allocated when it 
is instantiated to create objects. 
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I — ► derived class name 



class 

{ 

// 

tt 

>* 



is derived from 

Inheritance type: public or private 
► base class name 



DerivedClass: [Visibi lityHode] Based ass 



members of derived class 

and they can access members of the base class 



Figure 14,2: Syntax of dsrtved class declaration 



The derivation of BerivedClass from the Based ass is indicated by the colon (:), The 
Vi sibil i tyMode enclosed within the square brackets implies that it is optional. The default visibil- 
ity mode is private, If the visibility mode is specified* it must be either public or private. 
Visibility mode specifies whether the features of the base class are publicly or privately inherited. 

The following are the three possible styles of derivation: 

1- class Ds public B // public derivation 
( 

/ / members of D 

)? 

2 . class D: private B // private derivation 

{ 

// members of D 

}; 

3* class D: 1 // private derivation by default 

f 

// members of D 






Inheritance of a base class with visibility mode public* by a derived class, causes public 
members of the base class to become public members of the derived class and the protected 
members of the base class become protected members of the derived class. Member functions and 
objects of the derived class cart treat these derived members as though they are defined in the derived 
class itself. It is known that the public members of a class can be accessed by the objects of the class. 
Hence, the objects of a derived class can access public members of the base class that are inherited as 
public using the dot operator, However* protected members cannot be accessed with the dot opera- 
tor, (See Figure 14,3,) 

Inheritance of a base class with visibility mode private by a derived class* causes public 
members of the base class to become private members of the derived class and the protected 
members of the base class become private members of the derived class. Member functions and 
objects of a derived class can treat these derived members as though they are defined in the derived 
class with the private modifier. Thus objects of a derived class cannot access these members. 
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Figure 14,4: Members of derived class on inheritance 



A Sample Program on Single Inheritance 

A derived class may begin its existence with a copy of its base class members, including any other 
members inherited from more distantly related classes. A derived class inherits data members and 
member functions, but not the constructor or destructor from its base doss. Recall that the program, 
bag * epp discussed earlier has the class Bag and its instance, the bag object. A bag could be made 
empty or filled with items (fraits), The Bag class can be subjected to set operations such as union, 
intersection, etc * It can be achieved by either modifying the Bag class or by deriving a new class called 
Set from the Bag class as shown in Figure 14,5, 



class Bag 



class Set t public Bag 




Base class 



Derived class 



Figure 14.5; Inheritance of bag class 



Considering that a large amount of time is spent in the development of the lag class as well as in 
testing and debugging, it is not-at-all advisable to extend the Bag class by modifying as it will be 
impractical to rewrite or modify the original class especially in a large project when many programmers 
are involved. Also such a change would not be possible if the Bag class is a part of a commercial class 
library for which no source code is available to the user. Hence, rather than modifying Bag, a new class 
set can be derived from it and the required new features can be added. It saves development cost, 
effort, and time. 
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cla$s Bass 




Figure 14.3: Access control of class members 



Subsequent derivation of the classes from a privately derived class cannot access any members of 
the grand-parent class, Hie visibili^ of base class members undergoes modifications in a deri ved class 
assummaiizedinTable 14.1. 



Base class visibility 


Derived class visibility 


Public derivation 


Private derivation 


private 


Not Inherited 

(mberiied base class 
members cm access) 


Not Inherited 

(inherited base t] ass 
members cm access) 


protected 


protected 


private 


public 


public 


private 



Table 14.1 : Visibility of class members 



The private members of the base class remain private to the base class* whether the base class is 
inherited publicly or privately. They add to the data items of the derived class and they are not directly 
accessible to the member of a derived class. Derived classes can access them through the inherited 
member functions of the base class (see Figure 14.4). 
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cout « end I « "Union of si and s2 : m ; 

s3 . show ( ) i i i uses Bag : : show [ ) base class 

} 

Run 

Enter Set 1 elements . * 

Enter Set Element <0- end> : 1 
Enter Set Element <0- end>i 2 
Enter Set Element <0- end> : 1 
Enter set Element <0- end> : 4 
Enter Set Element <0- end> : Q 
Enter Set 2 elements . , 

Enter Set Element .<0- end> : 2 
Enter Set Element <0- end>: 4 
Enter Set Element <0- end> : ^ 

Enter Set Element <0~ end> i £ 

Enter Set Element <0- end>: £ 

Union of si and s2 s 1 2 3 4 5 6 

In the above program, the Set class has its own features to perform set union by using the member 
functions of Bag, The statement 

class Set: public Bag 

derives a new class Set from the base class Bag. The base class Bag is publicly inherited by the 
derived class Set. Hence, the members of Bag class, that are protected become protected and 
public become public in the derived class Set, The Set class can treat all the members of the Bag 
class as though they are its own. 

The relationship between the base class Bag and the derived class Set has been depicted in Figure 
1 4 5, Remember, that the arrow in the diagram, means derived from. The arrow indicates that the derived 
class Set refers to the data and member functions of the base class Bag, while the base class Bag has no 
access to the derived class Set, 

Access to Constructor 

In main { ) , the statement 

Set si, s2, s3; // uses no-argument constructor of Bag class 

creates three objects si t s2, and s3 of class Set and initializes the itemCount variable to 0 in all 
the three objects, even though a constructor does not exist in the derived class set. Thus, if a 
consmictor is not defined in the derived class, C++ will use an appropriate constructor from the base 
class. In the above example, there is no constructor defined in the class Set and therefore, the compiler 
uses the no-argument constructor 

Bag!) // no -argument constructor 

C 

ItemCount = 0; // When you purchase a bag, it will be empty 

} 

defined in the Bag class, The use of the base class's constructor, in the absence of a constructor in the 
derived class, exhibits the true nature of inheritance that happens normally in day-to-day life. 
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Multilevel Inheritance: Derivation of a class from another derived doss is called multilevel inherit- 
ance, Figure 1 4, 6d depicts multilevel inheritance. 

Hybrid Inheritance: Derivation of a class involving more than one form of inheritance is known as 
hybrid inheritance. Figure 14,6e depicts hybrid inheritance. 

Multipath Inheritance: Derivation of a class from other derived dosses, which are derived from the 
same base class is called multipath inheritance. Figure 14.6f depicts multipath inheritance. 





b) Multiple Inheritance c) Hierarchical Inheritance 




d) Multilevel Inheritance e) Hybrid inheritance f) Multipath inheritance 

Figure 146: Forms of inheritance 



14.5 Inheritance and Member Accessibility 

The examples discussed earlier demonstrated the features of inheritance, which enhances the capabilb 
ties of the existing classes without modifying them. It is also observed that the private members of 
a base class, which cannot be inherited, are overcome by the use of access specifier protected. 
Accessibility refers to the authorization granted to access the members of a class by using an access 
specifier or modifier with or without inheritance. It defines the guidelines as to when a member function 
in the base class can be used by the objects of the derived class, 

A protected member can be considered as a hybrid of a private and a public member. Like private 
members, protected members are accessible only to its class member functions and they are invisible 
outside the class. Like public members, protected members are inherited by derived classes and are also 
accessible to member functions of the derived class. He following rules are to be borne in mind while 
deciding whether to define members as private, protected, or public: 

1 * A private member is accessible only to members of the class in which the private member is declared. 
They cannot be inherited. 

? A private member of the base class can be accessed in the derived class through the member 
functions of the base class. 
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3. A protected member is accessible to members of its own class and to any of the members in a derived 
class, 

4. If a class is expected to be used as a base class in future, then members which might be needed in the 
derived class should be declared protected rather than private, 

5. A public member is accessible to members of its own class, members of the derived class, and outside 
users of the class. 

6. The private, protected, and public sections may appear as many times as needed in a class and in any 
order. In case an inline member function refers to another member (data or function)* that member 
must be declared before the inline member function is defined, Nevertheless, it is a normal practice to 
place the private section first, followed by the protected section and finally the public section. 

7. The visibility mode in the derivation of a new class can be either private or public. 

8. Constructors of the base class and the derived class are automatically invoked when the derived 
class is instantiated. If a base class has constructors with arguments, then their invocations must be 
explicitly specified in the derived class's initialization section. However, no-argument constructor 
need not be invoked explicitly. Remember that, constructors must be defined in the public section of 
a class (base and derived) otherwise, the compiler generates the error message: unable to access 
constructor. 

Consider the following declarations of the base class to illustrate public and private inheritance: 

class B // base class 

{ 

private : 

int private!; // private member of base 

protected: 

int protected!; // protected member of base 
public i 

int publics j // public member of base 

int getBprivate ( ) 

C 

return private!; 

} 

>1 

Public Inheritance 

Consider the following declaration to illustrate the derivation of a new class D from the base class B 

publicly declared earlier: 

class D: public B // publicly derived class 

( 

private : 

int private©; 

. protected; 

int protected©; 
public ; 

int public©; 
void my fun c ( } 

{ 

int a; 
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a = private©; / / Errors B: : private© is not accessible 

a = getBprivate ( ) ; // OK, inherited member accesses private data 
a - protected©; // OK 

a ™ public©; // OK 

} 

); 



The member function! myf unc { } of the derived class D can access protected© and public© 
inherited from base class B. Since the class © is inherited as public by the derived class D, the status 
of members protected©, publics, get ©private ( ) remain unchanged in the derived class D, 
The 'Statements 

D objd; // objd is a object of class D 

int d; // temporary variable d 

define the object objd and the integer variable d. Consider the following statements referring to the 
object ob j d. Access to the protected member of the base class l in the statement, 

d = obj d . protected©; // Error: 'B: : protected © 1 is not accessible 
is invalid; protected© has protected visibility status in class B. However the public member of the 
class S in the statement 

d = objd, public©; //OK 

is valid; public© has public visibility status in class D, The inherited member function* 
gt tiprivate l ) in the statement 

d = objd » getBprivate ( ) ; //OK, inherited member accesses private data 
accesses a private data member of the base class. 

In a subsequent derivation such as 
class X : public D 
I 

public : 

void g{); 

>; 

the member function g ( ) in the derived class x may still access members protec ted© and public© 
and even retains the original protected and public status. Note that, private members of the classes B 
and D can be accessed through inherited members of the base class. 

Private Inheritance 

Consider the following declaration to illustrate the derivation of the new class B from the existing base 
class B privately: 

class D; private B // privately derived class 

{ 

private i 

int private©; 
protected; 

int protected©; 
public : 

int publicD; 
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void myfunc ( J 
{ 

int a; 






a = privateB; 


// 


Error: B: iprivateB is not accessible 


a = getBprivate ( 


1 ? // 


OK , inherited member accesses private data 


a - protectedB; 


// 


OK 


a = publicB; 


H 


OK 



) 

}; 

The member function myfunc ( ) of the derived class D may access protectedB and publicB 
inherited from the base class B, Since, the base class B is in he died as the private base class of the 
derived class D t the status of members protectedB, publics, and getBprivate ( } become 
private in the derived class p. The statements 

D objdj // objd is a object of class D 

int d; // temporary variable d 

define the object objd and the integer variable d. Consider the following statements referring to the 
object objd. Access to the protected member of the base class B in the statement 

d - objd. protectedB; // Error; B: : protectedB is not accessible 
is invalid; protectedB has private visibility status in the class D. Access to the public member 
of class B in the statement 

d = objd, pufolicB; // Error; B; : publics is not accessible 
is also invalid; publics has private visibility status in the class D> The use of inherited member 
function, getBprivate ( ) in the statement 

d = objd . getBprivate ( \ t // Error; getBprivate t) is not accessible 
is invalid; it has become a private member of the deri ved class D» however, a member function of the 
derived class can access — my f unc ( } accesses getBprivate ( } function, 

In a subsequent derivation such as 

class X : public D // X is derived with D as base class 

{ 

public : 

void g() ; 

}; 

the member function g( } in x cannot access members protectedB and publicB since these 
members have gained private visibility status in class D, Howe ver, they (including private members 
of the classes B and D) can, be accessed through inherited members of the base class. 

Member Functions Accessibility 

The various categories of functions which have access to the private and protected members could be 
any of the following: 

* a member function of a class 

♦ a member function of a deri ved class 

* a friend function of a class 

♦ a member function of a friend class 
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Function Type 


Access directly to 


Private 


Protected 


Public 


Class Member 


Yes 


Yes 


Yes 


Derived ctass member 


No 


Yes 


Yes 


Friend 


Yes 


Yes 


Yes 


Friend class member 


Yes 


Yes 


Yes 



Table 14.2: Access control to class members 



The Mend functions and member functions of a Mend class have direct access to both the private 
and protected members of a class. A member function of a class has access to all the members of its own 
class, be it private, protected, or public. The member functions of a derived class can directly access 
only the protected or public members; however they can access toe private members through 
the member functions of toe base class* Table 14.2 and Figure 14.7 summarises the scope of access in 
various situations. 



class 3 




Figure 14.7: Access mechanism in classes 
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14.6 Constructors in Derived Classes 

The constructors play an important role in initializing an object's data members and allocating required 
resources such as memory. The derived class need not have a constructor as long as the base class has 
a no-argument constructor. However, if the base class has constructors with arguments (one or more)* 
then it is mandatory for the derived class to have a constructor and pass the arguments to the base 
class constructor. In the application of inheritance, objects of the derived class are usually created 
instead of the base class. Hence, it makes sense for the derived class to have a constructor and pass 
arguments to the constructor of the base class* When an object of a derived class is created, the 
constructor of the base class is executed first and later the constructor of the derived class. 

The following examples illustrate the order of invocation of constructors in the base class and the 
derived class, 

1 . No-constructors in the base class and derived class 

When there are no constructors either in the base or derived classes, the compiler automatically creates 
objects of classes without any error when the class is instantiated, 

// consl.cpp; No -cons true tors In base clas s and derived class 
# include <iostream . h> 
class B / / base class 
{ 

/ / body of base class, without constructors 
}t 

class D: public B // publicly derived class 
{ 

// body of derived base class, without constructors 

public: 

void msg( ) 

( 

cout « "No constructors exists in base and derived class* << endl ; 

} 

)? 

void mainO 
{ 

O objdf // base constructor 

Objd.msg { ) ; 

) 

Bun 

No constructors exists in base and derived class 

2. Constructor only in the base class 

// cons2.cpp; constructor in base class only 
♦include <io*tream*h> 
class B // base class 
{ 

public: 



Copyrighted material 




Chapter 14: Inheritance 



517 



B ( ) 

{ 

cout << "No-argument constructor of the base class B is executed"! 

> 

}; 

class D; public B // publicly derived class 
{ 

public ** 

void main f I 
{ 

D objl; // accesses base constructor 

y 

Run 

No -argument constructor of the base class B is executed 

3, Constructor only in the derived class 

// consSxpp: constructors in derived class only 
# include <iostreaurt*h> 
class B // base class 
{ 

// body of base class , without constructors 

>; 

class D: public B // publicly derived class 

( 

// body of derived base class, without constructors 
public: 

DO 

{ 

cout « "Constructos exists in only in derived class* << endl ; 

} 

> ; 

void main ( ) 

( 

D objd; // accesses derived constructor 

) 

Run 

Constructos exists in only in derived class 

4. Constructor in both base and derived classes 

// cons4,cpp: constructor in base and derived classes 
# include < lost ream. h> 

‘class B // base class 

public : 
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♦ If the base class does not have a default constructor and has an argument constructor, they must tie 
explicitly invoked, otherwise the compiler generates an error. 

// COns6xpp; constructor in base and derived class 
# include <iostxeam.h> 
class B // base class 

{ 

public: 

Stint a) | cout « "One- argument constructor of the base class B* ; 1 

}? 

class D : public B // publicly derived class 

{ 

public s 

D ( int a > 

{ cout << ■ \nOne- argument constructor of the derived class D B ; } 

}? 

void mainO 
{ 

D objdl 3 ) ? 



The compilation of the above program generates the following error: 

Cannot find 'default' constructor to initialize base class ■ B 1 
This error can be overcome by explicit invocation of a constructor of the base class as illustrated in the 
program cons? . cpp. 

7* Explicit invocation in the absence of default constructor 

// consT.cpp: constructor in base and derived classes 
• include <iostream.h> 
class B // base class 
{ 

public t 

BUnt a) 

( cout << * One- argument constructor of the base class B" ? } 

}* 

class D: public B // publicly derived class 

{ 

public s 

D ( int a ) i B {a) 

{ cout « “\nOne- argument constructor of the derived class ) 

}; 

void mainO 
( 

D objdl 3 I r 

1 

Run 

one -argument constructor of the base class B 
one- argument constructor of the derived class D 
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In the derived class D t the statement 

DC irtt a ) :B{a) 

defines the derived class constructor D( int a) and calls the constructor of the base class using the 
special form :fi(a). Here, the constructor of B is first invoked with an argument a specified in the 
constructor function D and then the constructor of D is invoked* 

8, Constructor in a multiple inherited class with default invocation 

// conalkcpp: constructor in base and derived class, order of invocation 
finclude <ioa cream* h> 
class 11 // base class 

l 

publics 

BIO { cout << ■ \nNo- argument constructor of the base class Sir? } 

class B2 // base class 

{ 

publics 

12 t) { cout << * \nNo- argument constructor of the base class B2"i } 

)l 

class D: public B2 r public Bl // publicly derived class 

C 

public: 

DO 

{ cout << * \ nNo -argument constructor of the derived class D" i } 

U 

void main ( ) 

{ 

D objd| 

> 

Run 

No- argument constructor of the base class 12 
No- argument constructor of the base class Bl 
No -argument constructor of the derived class D 

The statement 

class D: public 12 , public Bl // publicly derived class 
specifies that the class d is derived from the base classes Bl and B2 in order. Hence, constructors are 
invoked in the order B2 ( ) , BL ( ) , and DO; the constructors can be defined with or without argu- 
ments* 

9* Constructor in a multiple inherited class with explicit invocation 

// consS.cpp; constructors with explicit invocation 
# include <iostream,h> 
class Bl // base class 

C 

public: 

Bl ( ) { cout << ■ \nNo- argument constructor of the base class Bl"; ) 

) : 
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class 52 // base class 

f 

public: 

B2 ( ) { cout << * \nWo- argument constructor of the base class B2*r } 

} * 

class D: public Bl, public 52 

■ 

publ ie : 

D{) : B2j[| r Bl() / / explicit call tO constructors 
{ cout << M \nNo -argument constructor the derived class D" ; } 

1 ? 

void main ( 1 

{ 

D objds 

> 

Bun 

No- argument constructor of the base class Bl 
No- argument constructor of the base class B2 
No - argument constructor of the derived class D 

In the above program, the statement 

class D: public Bl, public 52 // publicly derived class 

specifies that, the class D is derived from the base classes Bl and B2 in order. The statement 
DO: B2{ ) , B1U 

in the derived class d» specifies that, the base class constructors must be called. However, the con- 
structors are invoked in the order Bl{), B2 t and D t the order in which the base classes appear in the 
declaration of the derived class, 

ID, Constructor In bass and derived classes in multiple inheritance 

// conslO.cpp: constructor in base and derived classes, order of invocation 
# include <iostream*h> 
class Bl // base class 

c 

public s 

Bl ( ) ( cout << “ \nNo- argument constructor of the base class Bl*| } 

}? 

class B2 // base class 

{ 

public; 

B2 O { cout << “ \nEJO” argument constructor of a base class B2"? ) 

}; 

class D: public Bl, virtual 52 // public Bl, private virtual B2 

C 

public: 

D() - B1(K B2U 

{ cout « * \nUo- argument constructor of the derived class D " ; } 
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The statement 

class D2 : public Dl // publicly derived class 
specifies that the class D2 is derived from the derived class Dl of B. The constructors are invoked in 
the order b [ ) * Dl ( J , and D2 ( ) corresponding to the order of inheritance* 

In the derived class, first the constructors of virtual base classes are invoked* second any non- 
virtual classes* and finally the derived class constructor. Table 14.3 shows the order of invocation of 
constructors in a derived class. 



Method of Inheritance 


Order of Execution 


class D: public B 

{ ► 

>r 


B( ): base constructor 
D{ ): derived constructor 


class D : public B1 , public B2 
{ 

)} 


B l( ): base constructor 
B2{ ): base constructor 
D( ): derived constructor 


class D : public B1 , virtual B2 
{ 

}; 


B2( ): virtual base constructor 
BI( ): base constructor 
D( ): derived constructor 


class Dl : public B 
{ 

}; 

class D2 : public Dl 
{ 

)? 


B( ); super base constructor 
Dl{ ): base constructor 
D2( ): derived constructor 



Table 14.3: Order of Invocation of constructors 



14.7 Destructors in Derived Classes 

Unlike constructors, destructors in the class hierarchy (parent and child class) are invoked in the 
reverse order of the constructor invocation. The destructor of that class whose constructor was ex- 
ecuted last, while building object of the derived class, will be executed first whenever the object goes 
out of scope. If destructors are missing in any class in the hierarchy of classes, that class's destructor 
is not invoked. The program cons 12 .cpp illustrates the order of invocation of constructors and 
destructors in handling instances of a derived class. 
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// COnft12,Cpp: order of invocation of constructors and destructors 
# inc lude < i os tr earn . h> 
class B1 ft base class 

{ 

public: 

BIO { cout « ■ \nKo- argument constructor of the base class Bl*; } 

-Bl i ) 

{ 

cout « * \nDestructor in the base class 

} 

>1 

class B2 if base class 

! 

public: ^ 

B2 { ) { cout << ■ \nNo- argument constructor of the base class B2 * ; ) 

’B2{> 

{ 

cout « 1 \nOes true tor in the base class B2*j 

1 

Is 

class D: public Bl , public B2 // publicly derived class 
t 

public? 

Dt) 

{ cout << 1 \nHo- argument constructor of the derived class B* ; } 

-DU 

{ 

cout << * \nDes true tor in the base class D* ; 

} 

} r 

void main ( ) 

{ 

D objd; 

1 

Btm 

No -argument constructor of the base class Bl 
No -argument constructor of the base class B2 
No-arguuaent constructor of the derived class D 
Destructor in the base class D 
Destructor in the base class B2 
Destructor in the base class Bl 

Note that, in this program the constructors arc invoked in the order ofBlU f B2 [) , D( ) whereas, 
the destructors are invoked in the order of D { ) , B2 0 , Bl O , which is in reverse order. 

In case of dynamically created objects using the new operator, they must he destroyed explicitly by 
invoking the delete operator More specialized class’s (which are at the bottom of the hierarchy) 
destructors are called before a more general one (which are at the top of the hierarchy). As usual, no 
arguments can be passed to destructors, nor can any return type be declared. 
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1 4.8 Constructors Invocation and Data Members Initialization 

In multiple inheritance, the constructors of base classes are invoked first, in the order in which they 
appear in the declaration of the derived class, whereas in the case of multilevel inheritance, they are 
executed in the order cf inheritance, It is the responsibility of the derived class to supply initial values 
to ihe base class constructor, when the derived class objects are created. Initial values can be supplied 
either by the object of a derived class or a constant value can be mentioned in the definition of the 
constructor. The syntax for defining a constructor in a derived class is shown in Figure 14.8. 




DerivedClass (arg_list) : Basel {arg_!istX) f Base2 (arg_list2) * ♦ , BaseN (arg_listM) 
I 

// body of the constructor of derived class 

} ; 

Figure 14.8: Syntax of derived class constructor 



The parameters arg _ list 1 , argjist2 t arg_listM are the list of arguments passed to the constructor 
or they can be any constant value those match with the arguments of the constructor list of base 
classes, 

C++ supports another method of in itiali zing the objects of classes through the use of the initializa- 
tion list in the constructor function. It facilitates the initialization of data members by specifying them 
in the header section of the constructor. The general form of this method is shown in Figure 14.9. 



Derived class constructor name 



Separator for derived class constructor and 
initialization section 

of data members and 
F base class constructors 



DerivedClass C arg_list ) ■ InitializationSection 

{ 

// body of the constructor of derived class 

); 




Figure 1 4.9: Syntax of initialization at derived class constructor 

Data member initialization is represented by 
DataHemberName ( value I 

The data members (DataMemberName)to be initialized followed by t’le initialization value enclosed 
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in parentheses (resembles a function call). The value can be arguments of a constructor, expression or 
other data members. In the initialization section, any parameter of the argument- list can be used as an 
initialization value. The data member to be initialized must be a member of its own class. The program 
com 14 * cpp illustrates the use of initialization section of the constructor. The following rules must 
be noted about the initialization and order of invocation of constructors: 

# The initialization statements (in the initialization section) are executed in the order of definition of data 
members in the class, 

+ Constructors are invoked in the order of inheritance. However, the following rules apply when class 
is instantiated: first, the constructors of virtual base classes are invoked, second, any non- virtual 
classes, and finally, the derived class constructor. 

/ / cons13,cpp; data members initialization through initialization-section 
# include <ios cream. h> 
class E // base class 
( 

protected ; 

int x f yj 
publics 

B(int a, int b) : x{a) , y(b) {) // x - a, y=b 

}? 

class D: public B / / derived class 
{ 

private : 

int a, bi 
public : 

D[int p, int q, int rJ i a (p) , B ( p, q ) , b(r) (} 
void output f } 

{ 



cout 


<< 


“X 


= 


* « 


X 


<< 


endl ; 


cout 


<< 


’Y 


= 


" « 


Y 


« 


endl ; 


cout 


<< 


-a 


= 


" << 


a 


« 


endl j 


cout 


<< 


"b 




" << 


b 


<< 


endl t 



} 

); 

void mninO 
{ 

D objb(5, 10, 15 ) t 
objb, output !) i 

} 

Run 

x. - 5 
y = 10 
a - 5 
b = 15 

The constructor statement in the class B 

B[int a P int b): x(a) t yCb) (} // x = a, y - b 
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initializes the data members x and y to a and'b respectively. The constouctor statement in class D 
D ( int int q, int rl : a(p), B( p f q ), to{r} () 
initializes the data members a and b to p and r respectively. It invokes the constructor B { in t , in t } 
of the base class B, 

Consider the following declaration of class to illustrate the order of initialization: 
class B // base class 
C 

pr ivate : 

int x, y; 
public s 

B ( int a, int bi t xtaj , y(b) {) // x = a, y = b 
)l 

Assume, the constructor of the class B is rewritten for illustration and object objb is defined as 
B objb ( 5, 10 1 i 

The following examples illustrates the initialization of data members with different formats: 

1. B { int a* int b )s x(a), y (a+b) 

The data member x is assigned the value a and y is assigned the value of the expression (a+b), i.e., x = 
Sandy =(5+10) =15. 

2. B( int a, int b ) t x (a) , y(sc+b) 

The data member x is assigned the value of a andy is assigned the value of the expression (x+b) t i.e. f 
x = 5 and y = (5+10) =15, Mote that the newly initialized data member can also be used in further 
initializations. 

3* B ( int a, int b )s y{a) f x(y+b) 

It produces a wrong result because, the statement which initializes the data memberx is the fust one to 
be executed (x is defined first data member in the class b). Hence the computation x {y+b) £i.e x = y +b) 
produces a wrong result because the data member y is not yet initialized. The program runtime . epp 
illustrates this case. Thus , the order of data members in the initialization list is important. 

// runtime.Cpp: initialization through constructor header 
# include <iostream.h> 
class B 

l 

private; 

int x, y? 
public : 

B { int a, int b 1: y(a), xly+bl {> // No compilation, but run-time 
void print ( ) 

( 

cout « x « endli 
cout << y << endl ; 

> 
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The compiler converts the constructor of the class B into the following fc 




In the above converted constructor, it should be noted that the statement 
x = (y+b) i 

refers to the data member y which is still not initialized. Hence, the program produces the wrong result. 

14.9 Overloaded Member Functions 

The members of a derived class can have the same name as those defined in the base class. An object 
of a derived class refers to its own functions even if they are defined in both the base class and the 
derived class. The program cons 14 . cpp illustrates the overloaded data and member functions in the 
base and derived classes. 

/ / consl 4. cpp: overloaded members in base and derived classes 
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class D: public B // publicly derived class 
( 

protected s 
int y; 
int s jr 
public : 
void read t ) 

{ 

B : : read ( ) ; // read base class data first 

cout « B Y in class 0 ? “ ; 
cin » y; 

cout << "2 in class D ? * ; 
cin » z; 

void show! ) 

B : :show { ) ; // display base class data first 

cent « *Y in class D = * « y « endl; 
cout « "2 in class D = p « z « endl; 

cout<<*Y of B f show from D = m « B; :y; //refers to y of class B 

U 

}f 

void main ( ) 

{ 

D objd; 

cout « "Enter data for object of class D , . ■ « endl; 

objd* read f) ; 

cout « "Contents of object of class D « endl; 
ofejd*show{ ) ; 

) 

Run 

Enter data for object of class D . . 

X in class B ? 1 

Y in class B ? 2 

Y in class D ? 2 
2 in class D ? i 

Contents of object of class D , * 

X in class B = 1 

Y in class B = 2 

Y in class D = 3 
z in class D - 4 

Y of B # show from D = 2 

In the derived class, there can also be functions with the same name as those in base class. It results 
in ambiguity. The compiler resolves die conflict by using the following rule: 

If the seme member (data/function) exists in both the base class and the derived class , the member 
!n the derived class will be executed. 

The above rule is true for derived classes* Objects of the base class do not know anything about the 
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derived clajs and will always use the base class members, Consider the statements 
objd, read f) ; 
obj d . show { ) 

in function main £ ) , In the first statement, objd, the object of a class D, invokes the read £ ) function 
defined in the class D, instead of the read( ) function of the class B + Similarly* the function show £ } 
referenced by the objd uses the function defined in the class D, 

Scope Resolution with Overriding Functions 

The statement in class D 

B: : read ( ) ; // read base class data first 

refers to the function read £ ) defined in the base class B due to the use of scope resolution operation, 
Similarly, the statement 

B : : show ( ) ; // display base class data first 

in the function show { ) of derived class d refers to the show { ) function of the base class B. 

The statement 

cout << "Y of B, show from D m ■ « issy? // refers to y of class b 
in the function show { ) has B::y P which refers to the data member defined in the base class a and not 
the one defined in the derived class D, These features of C++ demonstrates the creation of powerful 
functions using primitive functions. The general format of scope resolution for class members is shown 
in Figure 14.10. 



— ► Name of a class 

* Scope resolution operator 

r Name of the member 
function to be Invoked 



ClassNamo : s MemberName { } 

Figure 14*10: Syntax of member function access through 
scope resolution operator 

For instance, as in the following statements 

B i ! read £ ) refers to the member function road £ } defined in the class B 
3: \y refers to the data member y defined in the class B 
prefixing the class name to the member separated by scope resolution operator :: informs the compiler 
to call the member function specified in the class B« 

Inheritance In the Stack Class 

The various programs discussed so far, belong to the category of single Inheritance. Another practical 
example of inheritance is the stack, which is the most popularly used data-structure in building compil- 
ers, execution of recursive programs, allocating storage for local variables, and so on, The stack oper- 
ates on the principle of Last-In-First-Out, popularly called LIFO policy. The last item entered into the 
stack is the first one to come out as shown in Figure 14.1 1, 
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Hie program stack . cpp has two classes, Stack as the base class and My Stack as the derived 
class of stack. The base class S tack models a stack as a simple data storage device. It allows to push 
Integers onto the stack and pop them off. However, it has a potential flaw. It does not check for the 
underflow or overflow that occurs in the manipulation of a stack. The program might not work since data 
would be placed in memory beyond the end of the stack [ J array. Trying to pop too many items from 
the stack results in popping out meaningless data since, it would be reading data from memory locations 
outside the array. 



Push Push Pop 




Figure 14,11: Stack operations 

The potential flaw, in the class stack can be overcome by developing a new class MyStack, a 
derived class inherited from the old slack class Stack, Objects of MyS tack operate exactly the same 
way as those of Stack, except that it will issue a warning if an attempt is made to push an item onto a 
stack which is already fill!, or try to pop items out of an empty stack, 

// stack, cpp: Overloading of functions in base and derived classes 
# include <iostream,h> 

const int MAX_ELEMENTS = 5; // maximum size of stack, you can change this 
class Stack // base class 

( 

protected; // Note: cannot be private 

int stack! MAJ£_ELEMENTS t 1 J; // for stack [ 1 J , , s tack [MAX^ELcEMENTS J 
int StackTop ; U It points to current stack top element 

public : 

Stack I ) 
t 

StackTop = 0? // Initially no elements in stack, stack empty 

) 

void push{ int element } 

{ 

++5tackTop; // Update StackTop for new entry 

stack I StackTop 3 * element ; // put element into the stack 

1 

void pop ( int 6e lament ) 

element * stack! StackTop 1; 

— StackTop? // Update StackTop to point to next element 

) 
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/ / derivation of a new class from the class Stack 
class MyStack : public Stack 
( 

public : 

int push ( int element ) // return 1, if success , 0 otherwise 

{ 

if ( StackTop < KAX^ELEMENTS ) // if stack is not full 

{ 

Stack:: push { element Ji // calls base class push 

return 1; // push successful 

cout « "Stack Overflow" « endl; 
return Of // stack overflow 

I 

int pop! int k element }■ // return 1, if success, 0 otherwise 

f 

if( StackTop > 0 ) //if stack is not full 

f 

Stack: :pop( element ); // calls base class pop 

return 1; // pop successful 

> 

cout << "Stack Underflow" « endl; 
return D| // stack underflow 

> 

); 

void main [) 

( 

MyStack stack# 
int element; 

// push elements into Stack until it overflows 
cout « "Enter Integer data to put into the stack « endl; 

do 

{ 

cout « "Element to Push ? " ; 
cin >> element; 

) 

while { stack. push ( element ) ) ; // push and check for overflow 

// pop all elements from stack 

cout << "The Stack Contains , * . " << endl : 

while ( stack. pop I element > ) 

cout << "pop: ■ « element << endl; 

} 

Bua 

Enter Integer data to put into the stack , , . 

Element to Push ? I 
Element to Push 7 2 
Element to Push 7 2 
Element to Push 7 1, 

Element to Push ? 2 
Element to Push ? £. 
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Stack Overflow 

The Stack Contains . . , 

Pop: 5 

pop: 4 

pop r J 
pop: 2 
pop: 1 

Stack Underflow 

14.10 Abstract Classes 

In order to exploit the potential benefits of inheritance the base classes are improved or enhanced 
without modifications, which results in a derived class or inherited class. The objects created often are 
the instances of a derived class but not of the base class. The base class becomes just the foundation 
for building new classes and hence such classes are called abstract base classes or abstract classes. 
An abstract class is one that has no instances and is not designed to create objects. An ahstract class 
is only designed to be inherited. It specifics an interface at a certain level of inheritance and provides a 
framework, upon which other classes can be built. 

In the previous example (stack, epph the class stack serves as a framework for building the 
derived classes and it is treated as a member of the derived class My Stack, The abstract class is the 
most important class and normally exists at the root of the hierarchy; it is a pathway to extending the 
system. Hence, the class Stack is sometimes loosely called as abstract class or abstract base class „ 
meaning that no actual instances (objects) of these classes arc created. However, abstract classes, in 
addition to inheritance, have more significance in connection with virtual functions, which will be 
discussed later in the chapter on Virtual Functions* 

Abstract classes have other benefits. It provides a framework upon which other classes can be built 
and need not follow the trick of C (language, C++’s base class) programming. Most of the C program- 
mers follow tricks of creating skeleton code and then copying and modifying the skeleton to create new 
functionality. One problem with skeleton code is if any modification is done to skeleton code, the 
changes must be propagated manually throughout the system - an error prone process at best. In 
addition, it is difficult to find out whether bugs arc in original skeleton or in modified system versions. 
By using abstract classes, interface can be changed which immediately propagate changes throughout 
the system with no errors. All changes made by the programmer in the derived classes are shown 
explicitly in the code, any bugs that show up are almost isolated in the new code. 



14.11 Multilevel Inheritance 

Derivation of a class from another derived class is called multilevel inheritance. It is very common in 
inheritance that a class is derived from a derived class as shown in Figure 1 4, 1 2, The class e is the base 
class for the derived class □ l , which in turn serves as a base class for the derived class 02. The class 
Dl provides a link for the inheritance between b and D2, and is known as intermediate base class. The 
chain B, Dl, D2 is known as the inheritance path . 

A derived class with multilevel inheritance is declared as follows: 
class B ( }; // Base class 

class Dl : public BO // Dl derived from B 
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class D2: public Dl{) // D2 derived from D1 

The multilevel inheritance mechanism can be extended to any number of levels. 




Base Class B 



Derived Class Dl 
(Intermediate base class) 



Derived Class D2 



Figure 14,12: Multilevel inheritance 



The inheritance relation shown in Figure 14. 1 3 is modeled in the program exam - cpp. It consists of 
three classes namely, person, student, and exam. Here, the class person is the base class, student is the 
intermediate base class, and exam is the derived class. The student class inherits the properties of 
person class whereas, the exam class inherits the properties of the student class (directly) and 
properties of the person class (indirectly). 



class person 



class student s public person 



class exam : public student 




Figure 1413: Multilevel inheritance 

// exam. cpp; Models Examination database using Inheritance 
# include <iostream,h> 

const int MAX_LEN = 25 ; // maximum length of name 

class person 
I 

private; // Mote:; cannot be referred by derived class 

char name t. MAX_LEN ] 7 // person name 

char sex; // person sex, M - male, F - female 

int age; / / person age 
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public : 

void ReadData ( ) 

{ 

COUt << "Name ? “ ; 
cin >> name i 
cout << "Sex ? 
cin >> sex; 

COUt « "Ag 2 ? "f 
cin » age; 

} 

void DisplayData O 

{ 



cout 


<< 


"Name; 


" « 


name « endl 


cout 


<< 


"Sex : 


" << 


sex 


<< 


endl ; 


cout 


<< 


"Age : 


" << 


age 


<< 


endl; 



} 

} ? 

class student : public person / / publicly derived intermediate -base class 
{ 

private : 

int RollNo; // student roll number in a class 

char branch [ 20 ]; // branch or subject student is studying 

public; 

void ReadData ( 3 

{ 

person; ; ReadData O ; // uses ReadData of person class 

COUt « “Roll Slumber ? * ; 
cin >> RollNo; 

cout « “Branch Studying ? H ; 
cin » branch; 

} 

void DisplayData ( ) 

( 

person :: DisplayData U ; // uses DisplayData of person class 

cout << "Roll Number : " << RollNo << endl; 
cout << "Branch: " « branch « endl; 

} 

}; 

class exam; public student // derived class 
t 

protected: 

int SublMarks; 
int Sub2Marks; 
public: 

void ReadData ( ) 

t 

student i: ReadData {) ; // uses ReadData of student class 

cout << "Marks Scored in Subject 1 < Max;10Q> ? " ; 
cin >> SublMarks; 

cout << "Marks Scored in Subject 2 < Max:lQG> ? 9 ; 
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c in » Sub2Marks ; 

) 

void DisplayData O 

{ 

student ; : DisplayData O ; // uses DisplayData of student class 
cout << "Marks Scored in Subject It * << SublMarks << endl ? 
cout « "Marks Scored in Subject 2: " << Sub2 Marks << endl? 
cout << "Total Marks Scored; " << TotalMarks () ; 

} 

int TotalMarks { ) 

£ 

return SublMarks + Sub2 Marks ; 

} 

}; 

void Mint ) 

{ 

exam annual; 

cout << “Enter data for Student , . . w << endl? 
annual ♦ ReadData { ) ; // uses exam: ; ReadData 

cout « "Student details . . * « endl; 

annual . DisplayData (> ; / / exam: : DisplayData 

} 

Bmq 

Marne ? Raikumar 
Sex ? M 
Age ? 2A 
Roll Number ? J; 

Branch Studying ? COTOU t er ■ ~ Tf t hhO l 
Marks Scored in Subject 1 < Max : 1QQ> ? 92 
Marks Scored in Subject 2 < Max:lD0> ? 88 
Student details . . . 

Name : Raj kumar 

Sex : M 

Age : 24 

Roll Number : 9 

Branch : Comput er - Techno 1 ogy 

Marks Scored in Subject 1: 92 

Marks Scored in Subject 2: 88 

Total Marks Scored: 180 

In mainlh the statements 

annual . ReadData () ; // uses exam: : ReadData 

annual , DisplayData { ); // exam: : DisplayData 

refer to the member functions of the class exam, since annual is its object. The statements in 
ReadData { } function of the class exam 

student ReadData U ; // uses ReadData of student class 

student :: DisplayData U ; // uses DisplayData of student class 

refers to the functions defined in the student class. 
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int privateDi 
void fund 1 1 U 
protected ; 

int protectedD? // D's own features 
void func2 ( ) 

( / * Null body function */ } 
publ ic : 

int publicD? // D's own features 
void func3 O ; 

If 

The base classes Bl and B2 froni which D is derived are listed following the colon in D f s specifica- 
tion; they are separated by commas. 

Constructors and Destructors 

The constructors in base classes can be no-argument constructors or multiple argument constructors 
as discussed in the following sections. 

No-Argument Constructor 

Consider an example with the base classes A and B having constructors and the derived class C which 
has a no-argument constructor as in the program mul_inhl . cpp. 

// muljnhl.cpp; no -argument constructors in base and derived classes 
# include <iostreain . h> 
class A // base classl 
i 

public : 

AO 

( cout << "a - ? } 

}; 

class B // base classS 
{ 

public * 

BO 

( cout << "b*? } 

If 

class C : public A t public B // derived class 
{ 

public : 

CO 

t cout « B c* ; } 

}f 

void main { } 

t 

C ofejci __ , 

> 

Ran 

abc 

The base class constructors are always executed first, working from the first base class to the last 
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and finally through the derived class constructor. Since the derived class is declared as 
class C: public A, public B 

The constructor of the base class A is executed first, followed by the constructor of the class B and 
finally the constructor of the derived class C Hence, the above program would print abc on the screen. 
If classes involved in multiple inheritance have destructors, they are invoked in the reverse order of the 
constructors invocation* 

Passing Parameters to Multiple Constructors 

Some or all parameters that are supplied to a derived class constructor may be passed to the base 
classfes) constructor. Therefore, if any base class constructor has one or more parameters, all classes 
derived from it must also have constructors with or without parameters.The program mui_inh2 . epp 
illustrates the base classes A and B having constructors with arguments; their derived class C must also 
have constructors. 

// mu(Jnh2xpp; constructors with arguments, must be called explicitly 
I include <iostream.h> 
class A / / base classl 
1 

public; 

At char c ) 

( cout « c; ) 

Jt 

class B // base class2 

public : 

B ( char b ) 

{ cout « b; ) 

)l 

class C : public A, public B // derived class 
{ 

public : 

C { char cl , char c2 , char c3 ) : A f cl } , B ( c2 ) 

{ cout « c3 ; } 

1 ? 

main ( > 

{ 

C ofo j c ( + a % 1 b 1 , ’ c ' ) ; 

3 

Run 

ahe 

In this case, the parameters c2 and c3 are passed to the constructors of the base classes a and B 
respectively. The arguments a, b and c are actually passed to the constructors of A, B, and C respec- 
tively even though they are parameters to the constructor of the class C. The constructors are executed 
in the order A, B, and c, hence, the above program would print abc on the screen. In general, parameters 
can be passed to the constructors of the base class as shown in the following syntax: 
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derived {parameter list ): base! {parameter listlK base 2 (parameter list2), ... 

The parameter lists of the base classes' constructors may contain any expression that has global 
scope {e.g. p global constants, global variables, dynamically initialized global variables)* as well as 
parameters that were passed to the derived class's constructor. The program mul_inh3 .cpp illus- 
trates the handling of constructors with arguments in the base class and the derived class, 

// mul_mh3 + cpp: constructors with arguments, if not called explicitly 
iinclude <iostream.h> 
class A // base classl 
{ 

publ ic t 

A { char c ) 

( cout « c; } 

); 

class B // base class2 
{ 

public; 

B ( char b ) 

{ cout << b; } 

), 

class C: public A, public B 
{ 

public : 

Ci char cl, char c2, char c3>; B{ c2 ) 

| cout << c3 ; } 

>? 

main ( J 
{ 

C obj c ( 1 a ' , ■ b ' , ' c * } ; 

] 

The above program cannot be executed, since the following error is generated during compilation: 
Error: Cannot find ' A: ; A O 1 to initialize base class in function C;:C(char, 
char, char) 

If there are constructors in the base class and all of them are of type constructors with arguments , 
they must be explicitly specified in the derived class constructor. Otherwise, the compiler generates a 
compilation error. However, if a no-argument constructor also exists along with other constructors in 
base class, the compiler invokes the no- argument constructor as a default. Note that the base classes 
used in inheritance must preferably have a no- argument constructor. 

Ambiguity in Member Access 

Ambiguity is a problem that surfaces in certain situations involving multiple inheritance. Consider the 
following cases: 

* Base classes having functions with the same name 

* The class derived from these base classes is not having a function with the name as those of its base 
classes 

+ Members of a derived class or its objects referring to a member* whose name is the same as those 
in base classes 
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main ( } 

{ 

C objc ( 1 a ' , ' b % 1 c ' J f 

// objc.showO i // Error: Field 'show' is ambiguous in C 

cout << endl << "objc . A: : show () = 
objc . A: t show ( ) t 

cout « endl << "objc . B : : show ( ) = "i 
objc,B: j show ( } # 

} 

Em 

objc ,K \ jshowC ) = a 
objc , B : : show( J - b 

In main ( } , the statement 

objc * show ( ) i // Error: Field 'show 1 is ambiguous in C 
is ambiguous (whether to choose A ; : show ( } or B : : show (} ?) to (he compiler resulting in a compi- 
lation error. It is resolved using the scope resolution operator as follows, 
objc .A: : show { ) ; 

refers to the version of show U in the class A, while* 
objc .B: :show{ ) ; 

refers to the function in the class B, Thus, the scope resolution operator circumvents the ambiguity. 

Tbe program mul__inh5 . cpp illustrates the base and derived classes, which have members with 
the same name , 

// muIJnhS.cpp: overloaded functions in base and derived classes 
# include <iostream. h> 
class A // base classl 

{ 

char chi // private data, default 
public: 

AC char c ) 

{ Ch = a J 
void showi) 
t 

COUt « ch; 

) 

I; 

class B // base class 2 

I 

char ch; // private data, default 
public; 

B( char b ) 

{ ch " b; ) 
void shown 
( 

cout « ch; 

} 

>? 
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cIslbs C : public A x public B 
( 

char ch; // private data, default 
public ; 

C{ char cl, char c2, char c3 ) : A{ cl B ( c2 3 
{ ch = c3; } 
void show ( J 

C 

// show { ) j invokes C: ;show() , leading to infinite recursion 
A : : show ( ) ; 

B ; ; show ( } ; 
cout « ch; 

) 

); 

main { J 
{ 

C ob j c ( ' a ' , , ' c * ) ? 

cout << M objc-showU - * j 

objc. show!) | // refers to show f ) defined in the derived class C 

cout « endl << “objc.C: ; show II ~ * ; 
objc -C : i show { ) | 

cout « endl « "objc . A: : show! ) = * ; 
objc - A: : show | ) ; 

cout « endl « “objc *B : : show()f = ■; 
objc.B- : show!) r 

) 

Bub 

ob j c , show f ) - abc 
objc , C : ; show | ~ abc 
ob j c , A ; : show E ) = a 
objc J: : show ( ) - b 

In main O , the statements 

objc. show (I r 
objc.C; ; show { ) j 

refer to the same version of show ( 3 defined in the class c ( while 
objc .A: : show ( J ; 

refers to the version of show { 3 defined in the class A, and 
objc , B : :show{ ) ; 

refers to the function defined in the class B. In the derived class C, statements in show ( } 

A; : show El j 
B ; : show E 3 ; 

refer to the functions defined in the classes A and B respectively. 

Example on Myltiple inheritance 

Consider a publishing company that publishes and markets books, whose activities are shown in Figure 
14, 16. Create a class publication that stores the title (string) andpr ice (float) of a publication. 
Create another class sales that holds an array of three float's so that it can record the sales of a 
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particular pub! ication for the last three months. From these two classes, derive a new class called book 
that hold pages of integer type. Each of these classes should have the member functions getdata ( 3 
and display [ ) * 




Figure 14,16: Multiple products company 



From the publication and sales classes, derive the tape class, which adds playing time in 
minutes (type float). Create another class panqphlet from publication, which has no features of its 
own. Derive a class notice from pamphlet class having dah* members char whom[2Q] and 
member functions getdata ( ) and put data ( } . 

The program publ ishl .. cpp models the class hierarchy shown in Figure 1 4. 1 6. Mote that, inher- 
itance of the class publication by the classes, pamphlet, book, and tape illustrates the reuse 
of the code. 

// publ Ishl, Cpp: Multiple products company modeling with multiple inheritance 
# include <iostream.h> 

class publication if base class, appears as abstract class 
{ 

private ; 

char title[4Q]; // name of the publication work 
float price i // price of a publication 

publics 

void getdata (J 

t 

cout << "\tEnter Title: ■ j 
cin >> title; 

cout « "StEnter Price: *; 
cin >> price; 

} 

void display () 
t 

cout << HtTitle - * << title « endl; 
cout « " \ tPrice - 1 « price « endl; 

) 

}j 

class sales // base class 
{ 

private : 
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float PublishSales [ 3 J ///sales of a publication for the last 3 months 
public ; 

void getdata ( } 
void display 0 7 

} • 

void sales: : getdata { J 

i 

int ir 

for ( i = 0; i < 3; i++ ) 

{ 

cout << **\tEnter Sales of * << i+l « " Month: ■; 
cin >> Publ ishSales | i ] 1 

1 

} 

void sales : : display { J 

C 

int i; 

int TotalSales = 0 ; 

for ( i = 0 j i < 3 ; i*+ I 

{ 

cout« “ VtSales of "<<i+l « * Month - ■ << PubI ishSales [ i] « endl ; 
TotalSales FublishSales f i J ; 

) 

cout « B \ tTotal sales * * « TotalSales « endl ; 

class book : public publication, public sales // derived class 
{ 

private : 

int pages; // number of pages in a book 
public; 

void getdata O // overloaded function 
{ 

publication: : getdataO.; 

cout « w \t Enter Number of Pages: " ; 

cin » pages: 

sales * t getdata ( 1 ; 

} 

void display O 

{ 

publication: ; display O % 

cout << ■ \t Number of Pages = ■ « pages << endl: 
sales : : display ( ) ; 

) 

)i 

class tape : public publication, public sales / / derived class 

{ 

private ; 

float PlayTime; // playing time in minutes 
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public: 

void getdata £! 

{ 

publication: : getdata { ) ; 

cout << "\tEnter Playing Time in Minute; 
cin » PlayTime; 
sales s s getdata O ; 

) 

void display { ) 

( 

publicat ion : : display ( ) £ 

cout << * \tPlaying Time in Minute - ■ << PlayTime << endl ; 
sales : : display ( ) ? 

) 

} ; 

//for pamphlet class, sales class is not inherited, because, pamphlets 
// cannot be sold, they are published for advertisement purpose 
class pamphlet : public publication // derived class 

I 

}; 

class notice: public pamphlet // derived, can access publics of pamphlet 

«f 

4 

private : 

char whom[20] # * // notice to all distributors 

public: 

void getdata O 

C 

pamphlet :: getdata ( ) ; // intern calls getdata of publication 
cout « H \tEnter Type of Distributor; “ ; 
cin >> whom: 

) 

void display () 

( 

pamphlet :: display 0 s // intern calls display of publication 
cout « "\tType of Distributor - " << whom « endl; 

} 

void main( ) 

I 

book bookl; 
tape tape!; 
pamphlet pampl,- 
notice noticel ; 

cout << “Enter Book Publication Data , , << endl: 

bookl . getdata { ) ; 

cout << "Enter Tape Publication Data << endl; 

tapel .getdata* } ; 

cout << “Enter Pamphlet Publication Data * * * " << endl: 
pampl * getdata ( } ; 

cout << "Enter Notice Publication Data . . , * << endl: 
noticel , getdata ( } ? 
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cout « "Book Publication Data T*. m « endl; 
bookl .display O ; 

cout « "Tape Publication Data . ■ . ■ « endl; 
tapel , display ( } ; 

cout << "Pamphlet Publication Data , . , " << endl? 
pampl . display { ) ; 

cout « “Notice Publication Data « endl? 

noticel . display i ) ? 

} 

Run 

Enter Book Publication Data . . „ 

Enter Titles Micr Q-prgcesg.Qr.TxB 8 - Programming 
Enter Price: 180 
Enter Number of Pages: 750 
Enter Bales of 1 Month; 1000 
Enter Sales of 2 Month: 500 
Enter Sales of 3 Month: 8QQ 
Enter Tape Publication Data , „ , 

Enter Title: Love-1047 
Enter Price: 1 QQ 
Inter Playing Time in Minute: 10 
Enter Sales of 1 Month: 200 
Enter Sales of 2 Month: 500 
Enter Sales of 3 Month: 400 
Enter Pamphlet Publication Data . „ . 

Enter Title: Advan c e d- Computing - B 5 - Con £ erenc e 
Enter Price: IQ 

Enter Notice Publication Data * * * 

Enter Title: General-Meeting 
Enter Price: 100 

Enter Type of Distributor: Retail 
Book Publication Data * , , 

Title = Mi croprocessor-xS 6 -Programming 
Price - 180 
Number of Pages = 705 
Sales of 1 Month m 1000 
Sales of 2 Month = 500 
Sales of 3 Month =800 
Total Sales ■ 2300 
Tape Publication Data . , . 

Title = Love-1947 
Price = 100 

Playing Time in Minute = 10 
Sales of 1 Month = 200 
Sales of 2 Month = 500 
Sales of 3 Month = 400 
Total Sales = 1100 
iv.mphlet Publication Data * * . 

Title = Advanced -Computing- 9 5 -Conference 
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cin » name ; 

cout « “Wheels 7 * ; 

cin » WheelsCount? 

> 

void Display Data ( I 

c 

cone << "Name of the Vehicle ; ■ « name << endl ; 
cout << "Wheels % 9 << WheelsCount << endl? 

) 

class LightMotor : public Vehicle 
{ 

protected! 

int SpeedL ixnit; 
public s 

void GetData O 
{ 

Vehicle : : GetData { } ; 
cout << "Speed Limit ? * t 
cin » SpeedL imit; 

} 

void BisplayData ( ) 
i 

Vehicle: : DisplayData { ) ; 

cout « ’’Speed Limit s 8 « SpeedLimit « endl* 

} 

)r 

class HeavyWotori public Vehicle 

{ 

protected! 

int LoadCapacityj // load carrying capacity 

char permit [MftX_LEt ! ] ; // permits! state, country, international 
publics 

void GetData £ } 

{ 

Vehicle : = GetData ( > ; 

cout « "Load Carrying Capacity ? *- t 

cin » LoadCapacity; 

cout « ■Permit Type ? " j 

cin » permit ; 

> 

void BisplayData {> 

{ 

Vehicle; : DisplayData { ) $ 

■cout « ■Load Carrying Capacity s ■ « LoadCapacity « endl : 
cout « ■Permit; 8 « permit « endl? 

} 

)? 
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class GearMotor; public LightMotor 

( 

protected : 

int GearCount; 
public : 

void GetData ( ) 

( 

LightMotor : ; Get Data ( I ; 
cout « “No * of Gears ? 
cin » GearCount; 

} 

void Di splay Da ta ( ) 

{ 

LightMotor : : Di splayData ( ) ; 

cout ’!< “Gears; " << GearCount « endl; 

) 

}f 

class NonGearMotor : public LightMotor 
£ 

public : 

void GetData () 

[ 

LightMotors ; GetData () j 

) 

void DispIayBata{ ) 

{ 

LightMotor : : Di splayData ( ) r 

} 

b 

class Passenger: public HeavyMotor 
{ 

protected; 

int sitting; 
int standing; 
public; 

void GetData ( } 

{ 

HeavyMotor : ; GetData ( > t 
cout « "Maximum Seats ? * ; 
cin >> sitting; 

cout « "Maximum Standing ? " j 
cin » standing; 

} 

void Di splayData { ) 

{ 

HeavyMotor ; ; Di SplayData { ) ; 

cout « "Maximum Seats; ■ « sitting « endl? 
cout « "Maximum Standing; ■ « standing « endl; 

) 

b 
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Permit : National 
Maximum Seats: 45 
Maximum Standing: 15 



14.14 Multipath Inheritance and Virtual Base Classes 

The form of inheritance which derives a new class by multiple inheritance of base classes, which are 
derived earlier from the same base class, is known as multipath inheritance. It involves more than one 
form of inheritance namely multi level* multiple, and hierarchical as shown in Figure 14. 18* The chi Id 
class is derived from the base classes parent 1 and parents (multiple inheritance), which them- 
selves have a common base class grandparent (hierarchical inheritance) 4 The child Inherit, the 
properties of the grandparent class (multilevel inheritance) via two separate paths as shown by the 
broken line. The classes parent! and parent 2 are referred to as direct base classes, whereas 
grandparent is referred to as the indirect base class* 




Figure 14*1 8: Multipath inheritance 

Multipath inheritance can pose some problems in compilation, The public and protected members 
of grandparent are inherited into the child class twice, first, via parent! class and then via 
parent 2 class. Therefore, the child class would have duplicate sets of members of the grand- 
parent which leads to ambiguity during compilation and it should be avoided, 

C++ supports another important concept called virtual base classes to handle ambiguity caused 
due to the multipath inheritance* It is achieved by making the common base class as a virtual base class 
while declaring the direct or intermediate classes as shown below: 

class A 
1 

publics 

void f unc ( J 
( 

// body of function 

) 

)t 

class Bl: public virtual A 
( 

// body of class Bl 

>1 
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cin >> RollNo? 

cout << "Branch Studying ? ■; 
cin » branch? 

} 

void DisplayStudentData i I 

{ 

cout « “Roll Number: * << RollNo « endl ; 
cout « "Branch: * << branch << endl; 

} 

}; 

class Interna lEx am: virtual public student 

protected: 

int SublMarks? 
int Suh2Marks? 
public: 

void ReadDataO 
{ 

cout « "Marks Scored in Subject 1 < Max: 100> ? ": 
cin >> SublMarks j 

cout « "Marks Scored in Subject 2 < Max:10Q> ? B ; 
cin >> Sub2Marksi 

) 

void DisplayDataU 

( 

cout«* Internal Marks Scored in Subject 1: "<<SublMarks << endl? 
cout«* Internal Marks Scored in Subject 2 : -<<Sub2Marks « endl? 
cout«" Internal Total Marks Scored: "«IntemalTotalMarks { ) «endl ; 

} 

int InternalTotalMarks U 

( 

return SublMarks + Sub2Marks; 

1 

1 ? 

class ExternalExam : virtual public student 

< 

protected: 

int SublMarks? 
int Sub2Marks? 
public : 

void ReadDataO 

{ 

cout « "Marks Scored in Subject 1 < Max: 100 > ? "j 
cin » SublMarks? 

cout « "Marks Scored in Subject 2 < Max:lQQ> ? *; 
cin » Sub2Marks? 

J 

void DisplayData ( ) 
i 

cout« "External Marks Scored in Subject 1; # «SublMarks « endl: 
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cout« " External Marks Scored in Subject 2: * «Sub2 Marks « endl; 
cout < < ■ External To ta 1 Marks Sco red: * « Ex ternalTo ta IMa r ks ( )« end 1 t 

} 

int Externa ITotalMarks ( ) 

( 

return SublMarks + Sub2 Marks ; 

> 

class result: public Internal Exam, public External Exam 
( 

private : 

int total ^ 
public: 

int TotalMarksO 
{ 

return Internal To talMarks ( } + External To talMarks ( ) ; 

} 

Jl 

void main ( ) 

{ 

result studentli 

cout « * Enter data for Student 1 . , * ■ « end!? 

studentl . Reads tudent Data 1 3 ; // virtual resolves ambiguity 

cout « ■ Enter Internal Marks « endl; 

s tudent 1 . InternalExam: : ReadData { ) ; 

cout << "Enter External Marks . . . 1 << endl; 

Studentl -Externa lExam: : ReadData (J ; 
cout << " Student details , „ , ■ << endl ; 

studentl . Display Student Data U ; // virtual resolves ambiguity 

s tudent 1 . InternalExam: : Display Data ( ) j 

studentl , Externa lExam: :DisplayData U j 

cout << "Total Marks m " << studentl .TotalMarks { J j 

> 

Run 

Enter data for Studentl . * . 

Roll Number ? 2 

Branch Studying ? Computer-Technology 
Enter Internal Marks . * . 

Marks Scored in Subject 1 < Max; 10G> ? M 

Marks Scored in Subject 2 < Max:10G> ? 85 

Enter External Marks + * * 

Marks Scored in Subject 1 < Max : 100> ? 89 

Marks Scored in Subject 2 < Max:10Q> ? 

Student details . * * 

Roll Number : 9 
Branch: Computer -Techno logy 
Internal Marks Scored in Subject Is 80 
Internal Marks Scored in Subject 2: 85 
Internal Total Marks Scored: 165 
External Marks Scored in Subject 1: 89 
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External Marks Scored in Subject 2 : 90 
External Total Marks Scored- 179 
Total Marks = 344 

Another typical example of virtual classes having their derived^ lasses invoking their base class's 
constructors is through the initialization section. The program vir . cpp has classes A, B, C, and D 
representing multi -path inheritance. 

/ / virxpp; virtual classes with data pejnbers initialisation 
iinclude <iostreanuh> 
class A 
{ 

protected: 
int x; 
public : 

A(} 

{ X - -If ) 

A { int i ) 

{ x a i; ) 
int getat ) 

{ return x; } 

); 

class B: virtual public A 

{ 

protected: 
int y? 
public: 

B( int 1, int k) : A(i) 

C y * ki } ; 
int getb ( ) 

{ return y; } 
void show ( ) 
l 

cout << x « * " « getaO « * " « getbO; 

J 

}? 

class C: virtual public A 
{ 

protected: 
int z ; 
public : 

Clint i, int k| : A( i ) 

{ z = k; }: 
int getc ( ) 

{ return z; ) 
void show(J 
( 

cout << x << * ■ << getaU « * B « getc l ) ; 

) 
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class D : public B r public C 



public s 

/ / invoke A ( ) and then B ( i , j i and C ( 1 , j ) 

D{ int i , int j ) : B(i, j ) , C{i ( j) { } 
void show i I 
{ 

cout << x « * “ << getaO << ,r * « getbO ; 
eput « " '■ « gate U N " << getc { ) ; 

) 

void main | ; 



D dl l 3. 5 ) ; 

cout « end! « "Object dl contents; " ; 
dl . show ( I t 
B bl[ 7, 9 ) ; 

cout << endl << "Object bl contents : ■; 
bl . show { i : 

C cl { 11, 13 )} 

cout << endl << "Obj ect cl contents: " ; 
cl - show { ) ; 

} 

Run 

Object dl contents: -1-15 5 5 
Object bl contents: 779 
Object cl contents: 11 11 13 

In main U , the statement 
B bl { 7 # 9 ) ? 

invokes the constructor of the class B 
B ( int i f int k} ; A{i) 

which calls the single argument constructor of the class A and then it executes. Similarly, the statement 
C cl ( 11, 13 ) ; 

invokes first the single argument constructor of the class B and then it executes. The First statement in 
the main (1 function 

D dlC 3 , 5 H 

is supposed to invoke the constructor 

D { int i, int j ) : B{i , j ) r C ( i, j ) {} 

which in turn invokes the constructors of the B and C classes and is expected to produce the results: 
Object dl contents: 33555 
assuming that the constructor a [ i ) is invoked, but this has not happened. 

According to the inheritance principle, first, the super base class must be instantiated and then 
followed by the lower level class, finally the one whose object has to be created (No grand child without 
grand father). When an object of the class D has to be created, first the constructor of the class l is 
to jc invoked. The default no-argumcr t constructor A ( ) is invuked instead of the ono-argumcni 
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constructor. Even if it invokes the one-argument constructor, either through the 
Btint i ( int k) % Af i J 
a/ through the 

C(int i , int k) : Af i ) 

it leads to confusion; there are two calls to the constructor which is illegal. It is similar to arguin % father 
* > t mated before the grand father, which is neither true in real life nor in C++. Therefore. C++ selects, the 
no- argument constructor to avoid all these issues. If the constructor of D specification is changed to. 

Of int i, int j J s A(i>, B C i # J > # {} 

It produces the result as expected; the one-argument constructor of the super class a is explicitly 
specified in the initialization section., 

1 4.1 5 Hybrid Inheritance 

There are many situations where more than one form of inheritance is used in designing the class. For 
example, consider the case of processing the student results as discussed in the program, exam. epp 
in multilevel inheritance. Suppose the weightage for a sport is also taken into consideration for final- 
izing the results. The weightage for sports is stored in a separate class called sports. Hie new 
inheritance relationships between various classes would be as shown in Figure 14.20, which indicate 
both multilevel and multiple inheritance. 




Figure 1420: Hybrid (multilevel, multipath) inheritance 

Hie inheritance relation shown in Figure 14.20 is modeled in the program sports , cpp. It consists 
of Five classes namely person, student, exam, sports, and resul t. The class exam is derived 
by multilevel inheritance. The derivation of the class result from the classes exam and sports 
exhibits multipath inheritance. Therefore, it has properties of the class person indirectly through two 
paths: from the ex am class and sport class. 

// sports. cpp: Models student grading based on exam score and sports 
# include <iostreanuh> 

const int MAXLEN = 25^ // maximum length of naitne 
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class person 

C 

private : // Note: cannot be referred by derived class 

char name f MAX_LEM J ; //person name 

char sex; // person sex , M - male, F - female 

int age ; // person age 

public : 

void ReadPersonU 

t 

cout « "Name ? 
cin » name; 
cout << ■ Sex ? " ; 
cin >> sex; 
cout << "Age ? ■; 
cin :>> age; 

} 

Vo i.d Disp layPerson ( ) 



cout << "Name: * << name << endl; 
cout « “Sex : H « sex « endl; 
cout « “Age : " « age << endl; 

} 

}i 

class sports: public virtual person, // noLG; virtual class 

{ 

private : 

char name [MAX_LEN] ; // name of game 

int score; // score awarded for result declaration 

protected: 

void ReadData ( ) 

c 

cout << “Game Played ? '* ; 
cin >> name; 
cout << “Game Score ? 
cin score; 

} 

void DisplayData ( > 

cout « "Sports Played: ■ « name << endl; 
cout << "Game Score: " << score « endl; 

} 

int SportsScoreO 
{ 

return score; 

} 

} i 

class student s public virtual person // note: virtual class 

C 

private: 

int RollNo; // student roll number in a class 
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exam : : ReadData t } : // uses ReadData O of exam class 

sports : ; ReadOata ( } ? 

) 

void DisplayDataO 

{ 

DisplayRerson E ) ; // access person class member 

s tudent : : Di splayData £ > t 
exam : : Diep layData ( } ? 
sports : : Di splayData C ) i 

cout<< "Overall Performance! (exam+spor ts ) * " <<Percentage 1 1 << * %■; 

} 

int Percentage ( } 

( 

return ( exam : : TotalMarks ( ) + SpcrtsScore () ) /3 ; 

} 

}; 

void main ( ) 

( 

result student? 

cout « "Enter data for student * , , " « endl? 
s tudent * ReadData ( | ; 

cout « "Student details **," « endl; 
student . DisplayData { } } 

J 

Rm 

Enter data for Student , , , 

Name ? Rai kumar 
Sex ? H 
Age ? 21 
Roll Number ? 

Branch Studying ? Compu ter- Techno 1 Q®y 
Marks Scored in Subject 1 < Max:100> ? 92 
Marks Scored in Subject 2 < Max:100> ? 88 
Sports Played ? Cricket 
Game Score ? M 
Student details , ■ , 

Name: Raj kumar 

Sex : M 

Age ; 24 

Roll Number: 9 

Branc h : Comput er - Techno 1 ogy 

Marks Scored in Subject 1 : 92 

Marks Scored in Subject 2: 88 

Total Marks Scored: 180 

Sports Played: Cricket 

Game Score : 85 

Overall Performance, Eexam+sports) ; 88 % 
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where arg-list is the list of arguments to be supplied during the creation of objects of the class d. 
These parameters are used in initializing the members of class XX The arg- 1 is t l is used to initialize 
the members of the class B. In this case, first, the constructor of the class B is executed and then the 
constructor of the class D. The program nesting* cpp demonstrates the method of invoking a 
constructor of another object in a class. 

// nesfingxpp: Nested class constructor invocation 
# include <ios tream*h> 
class B 
! 

public; 

int num; 

B(J //no argument constructor 

{ num - 0 ; } 

B ( int a ) 

i 

cout « 11 Constructor B( int a ) is Invoked" « endl t 
num = a; 

} 

If 

class D 
C 

int datal; 

B objb; // object of another class 

public ; 

D ( int a J; objb{ a ) // invokes the constructor of 'objb' 

{ 

datal = a; 

} 

void output O 
{ 

cout << "Data in Object of Class D - * « datal « endl; 

cout<< " Data in Member object of class B in class D = "«objb . num; 

} 

}f 

void main ( ) 

{ 

D objd t 10 ) f 
otojd* output I ) : 

} 

Run 

Constructor B( int a } is invoked 
Data in Object of Class D = 10 

Data in Member object of class B in class D = 10 

Delegation 

Delegation is a way of making object composition as powerful as inheritance for reuse. In delegation, 
two objects are involved in handling a request: a receiving object delegates operations to Its del- 
egate* This is analogous to subclasses deferring requests to parent classes. In certain situations, 
inheritance and containership relationships can serve the same purpose. It is illustrated by the follow- 
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mg code: 

class publication // base classl 

{ 

// body of the publication class 

} * 

class sales // base class2 

{ 

// body of the sales class 

> ; 

The book class can be derived from the publication and sales classes using inheritance 
relationship as follows: 

class books public publication* public sal os 
1 

// body of the book class 

The above functionality can also be achieved by composing objects of the classes publication 
and sales into the class book as follows: 

class book 
{ 

publication pubj // composition of object of the class publication 
ssl*s market,! // composition of object of the class sales 



}; 

The book class contains instances of the classes publication and sales. The book class 
delegates its publication and sales issues to instances of the publication and sales classes (see 
Figure 14.22). Delegation shows that inheritance can be replaced with object composition as a mecha- 
nism for code reuse. The program publ i sh2 . epp models the delegation shown in Figure 14.21, 




Figure 14,22: Delegation in publication class 
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TotalSales +« PublishSales [ i 3 ; 

} 

cout « "\tTotal Sales = * « TotalSales. « endl; 

) 

class book 

( 

private: 

int pages; // number of pages in a book 
public: 

publication pub: 
sales market: 

void getdata O // overloaded function 
{ 

pub . getdata | > ; 

cout << p \tEnter Number of Pages: ■; 
cin » pages; 
market . getdata i I ; 

} 

void display 0 
{ 

pub, display ( } : 

cout << *\tNumber of Pages = * « pages « endl: 
market . display ( ) ; 

} 

): 

void main ( } 

I 

book bookl; 

cout << “Enter Book Publication Data . « endl; 

bookl . getdata ( ) j 

cout << "Book Publication Data , _ . " << endl; 
bookl . display ( } % 

} 

Run 

Enter Book Publication Data . . . 

Enter Title: Mi c r pproc eggor-sSE- Fr # gr amm inff 
Enter Price: 1 B_Q 
Enter Number of Pages : 750 
Enter Sales of 1 Month: 1QQQ 
Enter Sales of 2 Month: 500 
Enter Sales of 3 Month: 800 
Book Publication Data * * , 

Title ■ Microprocessor ^x8 6^ Programming 
Price = 180 
Number of Pages = 705 
Sales of 1 Month = 1000 
Sales of 2 Month - 500 
Sales of 3 Month - 800 
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14.17 When to Use Inheritance ? 

The following principles have to be followed to promote the use of inheritance in programming, which 

leads to code reuse, ease of code maintenance and extension: 

* The most common use of inheritance and subclassing is for specialization* which is the most obvious 
and direct use of the is-a rule. If two abstract concepts A and B are being considered, and the 
sentence A is a B makes sense, then it is probably correct in making A as a subclass of B. Examples, 
Car is a Vehicle, Triangle is a Shape, etc. 

* Another frequent use of inheritance is to guarantee that classes maintain a certain common interface; 
that is, they implement the same methods. The parent class can be a combination of implemented 
operations and operations that are to be implemented in the child classes. Often, there is no interface 
change between the supertype and subtype - the child implements the behavior described instead of 
its parent class. This feature has much significance with pure virtual function and will be discussed 
in the chapter Virtual Functions. 

* Using generalisation technique, a subclass extends the behavior of the superclass to create a more 
general kind of object This is often applicable when one is building on a base of existing classes that 
should not, or cannot be modified, 

* While subclassing for generalization modifies or expands on the existing functionality of a class, 
subclassing for extension adds totally new abilities. Subclassing for extension can be distinguished 
from subclassing for generalization in derivation. Generalization must override at least one method 
from the parent, and the functionality is tied to that of the parent whereas extension simply adds new 
methods to those of the parent* and functionality is less sfrongly tied to the existing parent methods, 

* In subclassing for limitation, the behavior of the subclass is more restoicted than the behavior of the 
superclass. Like subclassing for generalization, subclassing for limitation occurs most frequently 
when a programmer is building on a base of existing classes that should not or cannot be modified. 

+ Subclassing for variance is useful when two or more classes have similar implementations, but there 
does not seem to be any hierarchical relationship between the concepts represented by the classes. 
Often, however, a better alternative is to factor out the common code into an abstract class, and derive 
the classes from these common ancestors, 

* Subclassing by combination occurs when a subclass represents a combined feature from two or more 
parent classes. 

1 4.1 8 Benefits of Inheritance 

Iftere are many important benefits that can be derived from the proper use of inheritance. They are code 

reuse, ease of code maintenance and extension, and reduction in the time to market. The following 

situations explain benefits of inheritance: 

* When inherited from another class,. the code that provides a behavior required in the derived class 
need not have to be rewritten. Benefits of reusable code include increased reliability and a decreased 
maintenance cost because of sharing of the code by all its users. 

* Code sharing can occur at several levels. For example, at a higher level many users or projects can use 
the same class. These are referred to as software components. At the lower level code can be shared 
by two or more classes within a project, 

* When multiple classes inherit from the same superclass, it guarantees that the behavior they inherit 
will be the same in all cases. 
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# Inheritance permits the construction of reusable software components. Already* seyeral such libraries 
are commercially available and many more are expected to be available in the near future. 

# When a software system can be constructed largely out of reusable components, development time 
can be concentrated on understanding the portion of a new system. Thus, software systems can be 
generated more quickly and easily by rapid prototyping. 

14.1 9 Cost of Inheritance 

In spite of many benefits of inheritance, it incurs compiler overhead. In inheritance relationship, there 

are certain members in the base class that are not at all used, however data space is allocated to them* 

This necessitates the need for specialized inheritance, which is complex to develop. The following are 

some of the perceived costs of inheritance: 

# Inherited methods, which must be prepared to deal with arbitrary subclasses, are often slower than 
specialized codes. 

# The use of any software library frequently imposes a size penalty over the use of systems specially 
constructed for a specific project. Although this expense may in some cases be substantial, it is also 
true that as memory cost decreases, the size of programs is becoming less important. 

# Message passing by its very nature is a more costly operation than the invocation of simple proce- 
dures. The increased cost is however marginal and is often much lower in statically bound languages 
like C++* Therefore, the increased cost must be weighed against the benefits of the object oriented 
techniques* 

+ Although object oriented programming is often touted as a solution to the problem of software 
complexity, overuse or improper use of inheritance can simply replace one form of complexity with 
another, 

Review Questions 

14. 1 What i s i nhe ritance ? Explai n the need of j nheritan ce with su i table ex amples, 

14.2 What are the differences between the access specifiers private and protected ? 

14.3 What are base and derived classes ? Create a base class called Stack and derived class called 
MyStack. Write a program to use these classes for manipulating objects* 

14.4 Explain the syntax for declaring the derived class. Draw access privilege diagram for members of 
a base and derived class. 

14.5 What are the differences between a C++ struct and C++ class in terms of encapsulation 
and inheritance ? 

14.6 What are the different forms of inheritance supported by C++ 7 Explain them with an example. 

14.7 What is a class hierarchy ? Explain how inheritance helps in building class hierarchies. 

14*H Can base class, access members of a derived class ? Give reasons. 

14.9 What is vi s ibi 1 ity mode? What are the d if feren t in heritance visibility m ode s supported by C++ ? 

14.10 What are the differences between inheriting a class with public and private visibility mode ? 

14.11 Declare two classes named window and Door. Derive a new class called House from those 
two classes. The Window and Door bases classes must have attributes which reflects happy 
home. All classes must have interface functions such as overloaded stream operator functions 
for reading and displaying attributes. Write an interactive program to model the above relation. 
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14,12 S t ale w i th reas o n s whe ther T he fo 1 1 owi ng s latemen Is are TRUE or FAL S E: 

(a) Boih base and derived classes need not have constructors. 

(b) Only base class cannot have constructors. 

(c) Only derived class can have constructors. 

(d) No-argument constructor of the base class is invoked when a derived class is instantiated 

(e) When a derived class is instantiated only the derived class constructors are invoked. 

(f) Derived class members cannot access private members of a base class. 

tg) When a derived class is instantiated, memory is allocated to all data members of both the 
base and derived classes, 

(h) If a base class docs not has no-argument constructor and has parameterized constructors, it 
must be explicitly invoked from a derived class. 

(i) Constructors are invoked starting from the top base class to derived class order. 

(j) Destructors are invoked starting from the top base class to derived class order. 

(k) Destructors are invoked in the reverse order of constructors. 

(l) Base class constructors can be explicitly invoked from the derived class. 

14*13 Explain how base class member functions can be invoked in a derived class if the derived class 
also has a member function with the same name. 

14*14 What are virtual classes ? Explain the need for virtual classes while building class hierarchy. 
14*15 What are abstract classes ? Explain the role of abstract el^ss while building a class hierarchy. 
14,16 Con s idcr an c xample o f dec laring the c x am in ation re su lL Dcs i g n three c iassc s : s tuden t , Exam, 
and Result. The Student class has data members such as those representing roll number, 
name, etc. Create the class Exam by inheriting the student class. The Exam class adds data 
members representing the marks scored in six subjects. Derive the Result from the Exam class 
and it has its own data members such as total_marks. Write an interactive program to model 
this relationship. What type of inheritance this model belongs to ? 

14*17 A new scheme for evaluation of students performance is formulated that gives also weigh tage 
for sports. Extend the inheritance relation discussed in the above program ( 14. 16) such that the 
Result class also inherits properties of Sports class. Note that the Sports class is a 
derived class of the Student class. Write a program to model this relationship such that 
members of the Students class are not inherited twice. What type of inheritance this model 
belongs to ? 

14, IS What is containership or delegation 7 How docs it differ from inheritance ? 

14.19 II is required to find out the cost of constructing a house. Create a base class called House. 
There are two classes called Door and Window available. The House class has members 
which provide information related to the area of construction, door, windows details, etc. It 
delegates responsibility of computing the cost of doors and windows construction to Door 
and Window classes respectively, In C++, this can be achieved by having instances of the 
classes Door and Window in the House class. Write an interactive program to model the 
above relationship. 

14.20 Write an interactive program to create a graphic class hierarchy. Create an abstract base class 
called Figure and derive two classes Close and Open from that. Declare two more classes 
called Polygon and Ellipse using the Close class. Create derived classes Line and 
Polyline from the Open class. Define three objects (triangle* rectangle, and pentagon) of the 
class Polygon. All classes must have appropriate member functions including constructors 
and destructors. 

14.21 Discuss cost and benefits of inheritance emphasizing ease of design, code reusability, over- 
head, etc. 
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15.1 Introduction 

Polymorphism in biology means the ability of an organism to assume a variety of forms. In C-n-. it 
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1 5.2 Need for Virtual Functions 

When objects of different classes in a class hierarchy, react to the same message in their own unique 
ways, they are said to exhibit polymorphic behavior. The program pa rent I . cpp illustrates the need 
of such polymorphic behavior. It has the base class Father and the derived class Son and has a 
member function (called show) with the same name and prototype. Note that, in C++ a pointer to the 
base class can be used to point to its derived class objects, 

// parentl cpp: invoking derived class member through base class pointer 
• include <iostream.h> 

•include <string.h> 
class Father 
{ 

char name [20] ; if father name 
publics 

Father { char *fname ) 

{ 

strcpyt name, fname )? // fname contains Father's name 

> 

void shown if shown in base class 

l 

cout « 'Father name; * << name « en&l; 

} 

} \ 

class Son: public Father 

{ 

char name ( 20J; // son name 

public : 

// two-argument constructor; invokes one -argument constructor of Father 
Son t char * sname, char * fname i: Father ( fname } 
f 

strcpy f name, sname ) ; // sname contains son's name 

) 

void showU // show ( ) in derived class 

£ 

cout « - Son name: M << name << endl; 

} 

vo id ma in ( ) 

{ 

Father *fp; // pointer to the Father class's objects ; 

Father fl( “Eshwarappa ■ ) t 

fp *= &fl; if fp points to Father class object 
£p->show ( ) I if display father show ( ) function 
Son si l H Ra jkumar * , “ Eshwarappa h ) t 
fp = fitsl ; // valid assignment 

£p->showH ; // guess what is the output ? Father or Sonl 
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virtual vo 14 #how( } // showO in base class declared as virtual 

C 

cout « "Father name: ■ << name « endl ; 

) 

class Son: public Father 

( 

char name ( 20 ] ; / / son name 

public : 

// two- argument constructor; invokes one-argument constructor of Father 
Son( char * sname, char *fname }: Father ( fname ) 

{ 

strcpy ( name, sname ) ; / / sname contains son's name 

} 

void showO // showO in derived class 
{ 

cout << "Eon name: * « name << endl t 
I 

>r 

void main ( ) 

C 

Father *f p j // pointer to the Father class's objects ; 

Father fit "Eshwarappa" ) ; 

fp * fcfl; / / fp points to Father class object 
fp->show ( ) ; // display father show ( ) function 
Son sit "Raj kumar * , “Eshwarappa * } j 
fp - &sl; // valid assignment 

fp->showt|; U guess what is the output ? Father or Son! 

} 

Run 

Father name: Eshwarappa 
Son name: Rajkumar 

It is interesting to note that the output generated by the above program is as expected. (What is 
interesting about the above program when compared to the earlier parent 1 ♦ epp ?) The only differ- 
ence is, the member function show ( } defined in the class Father has the following declarator: 
virtual void show { ) // show() in base class declared as virtual 

It indicates that the member function show { ) is virtual and binding of a call to this function must be 
postponed until runtime. Hence, the last statement in main ( ) , 

fp->showU; // guess what is the output 2 Father or Son! 
invokes the member function defined in the class Son!; during the execution of this statement, the 
system notices that, show{) is a virtual function in base class and hence, it decides to invoke the 
member function defined in the derived class (instead of the base class) if the base class pointer is 
pointing to the derived class object. 

The knowledge of pointers to base class and derived classes is essential to understand and to 
explore full potential of virtual functions. Hence, a detailed discussion on how the above program is 
able to work as expected and syntax of virtual functions is postponed to later section. 
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the Father class, reference to it using the base class pointer basep will always access the base class 
member and not the derived class member. The program faumilyl * cpp illustrates the use of the base 
pointer with the derived objects. 

// f tuftilyltCpp; pointer to base class and derived class objects 
# include <iostream.h> 
class Father 
{ 

protected: 

int f_age; 
public : 

Father { int n ) 

{ 

= n; 

} 

int GetAge ( void) 

C 

return £_age ; 

) 

} 4 

// Son inherits all the properties of father 
class Son : public Father 
I 

protected: 
int s_age; 
public : 

Son( int n t int m ) :Fatherfn) 

{ 

s„age = m; 

) 

int GetAge { void) 

f 

return s_age; 

} 

void son_f unc { ) 

{ 

cout << "son's own function ■ ; 

} 

}, 

void mainf ) 

( 

Fa t her * has ep ; 

basep = new Father(45); // pointer to father 
cout « "basep points to base object*,, - « endl ; 
cout « “Father's Age: ■; 

cout « basep^>GetAge 0 « endl? // calls Father? : Get Age 
delete basep; 

/ / accessing derived object 

basep = new Son (45, 20 ); // pointer to son 

cout << "basep points to derived object,*,* << endl; 
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class Father class Son : public Father 

{ < 

intGetAge (void) int G*t Age (void) 

)i ><* 



Father *basepr 




Father object 

Father *basep; 




Son object 

Father # basep; 




Son object 



Son *derivedp; 




Son object 



Figure 1 5.3: A base pointer accessing derived objects 
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// calls Father : ; Get Age ( ) 
basep) - * , ■ << end! i 



coy t << "Son's Age: * j 
cout << basep- >GetAge ( } « endl ; 
cout << *By typecasting, ((Son*) 
cout << " Son 1 B Age : - j 

cout « ( (Son*) basep) ->Get Age {) « endl; // calls Son : :GetAge ( ) 
delete basep; 

// accessing with derived object pointer 
Son sonll 45, 20 } j 
Son *derivedp & &sonl; 

cout « "accessing through derived class pointer. , , f 
cout << "Son's Age: ■; 
cout « derivedp~>GetAgeO ; 



« endl ; 



Run 

basep points to base object . * * 

Father 1 s Age: 4 5 

basep points to derived object, , * 

Son 1 s Age : 45 

By typecasting, ((Son*) basep),** 

Son 1 s Age : 2 0 

accessing through derived class pointer,. 
Son * s Age ; 2 0 



The expression, basep- >Get Age { ) in the statement, 
cout << basep->GefcAge { ) << endl; 

invokes GetAget ) defined in the Father class; basep holds the address of the Father class 
object. Even when the pointer basep is made to point to the derived object, it invokes the function 
defined in the Father class. However, the typecasted expression 
HSon*) basep) ->Get Age O 

invokes the Get Age ( ) defined in the derived class Son since the pointer is explicitly typecasted, In 
the above program, the use of the statement 

basep - > s on_ t unc () ; / / error : not member of Father 

generates a compilation error since, son_func ( ) is not a member of the Father class or it is not 
within the scope of the Father class. However, when typecasted as 
((Son * ) basep) ->son_func (I ; // OK 

it will not generate any errors and will invoke the function defined in the Son class. (See Figure IS. 3.) 

The rule, a base class pointer may address an object of its own class or an object of any class 
derived from the base class is a one-way route. In other words, a pointer to a derived class object cannot 
address an object of the base class. If a pointer to a derived class is allowed to address the base class 
object, the compiler will expect members of the derived class to be in the base class also (which is not 
possible). (See Figure 15.4.) A pointer to the derived class can be used as a pointer to other classes 
which are derived from it. In general t a pointer to a class at a particular level can be used as a pointer 
to objects of classes which are below that level in the class hierarchy. Any attempt to override this rule 
is treated as an error. 
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// family 2. cpp: Binding pointer to base class ' s object to base or derived 
// objects at runtime and invoking respective members if they are virtual 
# include <iostream.h> 
class Father 
l 

protected: 

int £_age; 
public : 

Father | int n J 

{ 

£_age = n; 

} 

virtual int GetAgefvoid) 

{ 

return f_age; 

} 

); 

// Son inherits all the properties of father 
class Son t public Father 
{ 

protected: 

int s_age ; 
public : 

Sont int n ( int m ):Father[n) 

{ 

s_age = m ; 

) 

int GetAge(void) 

( 

return s_age ; 

} 

}| 

void main ( ) 

{ 

Father *basep ? 

// points to Father's object 

basep = new Father (45) ; // pointer to father 

coul "Father’s Age: *; 

cout << basep->GetAge { ) << endl; // calls Father: :GetAge 
delete basep ; 

// points to Son's object 

basep = new Son (45, 20); // pointer to son 

COUt « h Son * s Age : ■ ; 

cout << basep->GetAge O << endl t // calls Son::GetAgef) 
delete basep; 
i 

Run 

Father' s Age: 45 
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Son's hget 20 

The statement in the base class Father 
virtual int GetAge(voidJ 

indicates that an invocation of the Get Age ( } through the pointer to an object must be resolved at 
runtime based on to which class !r object the painter is painting, A pointer to objects of the base class 
can be made to point to its derived class objects. Figure 15,6 illustrates the use of virtual functions in 
invoking functions at runtime. 



Instances of the class Father 




Figure 15.6: Virtual functions and dynamic binding 

(base pointer accessing derived objects) 

In main () T the statement 
Father *basep? 

creates a pointer variable to the object of the base class Father, and the statement 
foasep * new Father {45} ; // pointer to Father 

creates an object of the class Father dynamically and assigns the pointer to the variable basep. The 
statement 

cout << basep->GetAge ( J << endl ; // calls father: : Get Age 
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invokes the member tune lion Get Age ( ), of the Father class The statement 
basep = new Son 145, 20); // pointer to son 

creates an object of the class Son dynamically and assigns its address to the pointer variable basep. 
The statement 

cout << basep->GetAge ( ) << endl; // calls Son::GetAge 
invokes the member function Get Age ( } of the Son class. If a call to a non -virtual function is made in 
this case, it invokes the member function of the class Father instead of the class Son, Note that the 
same pointer is able to invoke base or derived class’s member function depending on which class’s 
object the pointer is addressing. 

It is important to note that, virtual fitnetions have to be accessed through a pointer to the base 
class. However, they can be accessed through objects instead of pointers. It is to be remembered that 
runtime polymorphism is achieved only when a virtual function is accessed through a pointer to the 
base class. Note that, when a function is defined as virtual in the base class, and the same function is 
redefined in the derived class, then that function is virtual by default. Only class member functions can 
be declared as virtual functions. Regular functions and friend functions do not qualify as virtual func- 
tions, 

1 5.5 Array of Pointers to Base Class Objects 

A key properly associated with polymorphism is late or dynamic binding, which ensures that if an 
operation with more than one implementation (method) is called on a polymorphic entity, then the 
appropriate version is selected on the basis of its dynamic type (and is called runtime dispatch). In C++ 
runtime dispatch is only available for operations declared as virtual in the superclass. The process of 
runtime dispatch of a function call request is illustrated in Figure 15.7. The code which requests runtime 
dispatcher holds pointers to objects of different classes of the same class hierarchy. One of the simplest 
methods of implementation is to create an array of pointers (or pointers to pointers or linked list or any 
other data structure suitable for holding pointers to objects) as a pointer store house and invoke 
functions dynamically by scanning over them. 

In Figure 1 5.7, it can be observed that, the class graphics has the function draw ( ) , which plots 
the points and each of the derived classes, line, triangle, rectangle, and circle have their 
own draw ( ) function, which plots the corresponding entities on the screen. In the absence of virtual 
functions, all the outputs would be picture of points because all the calls refer to the function draw ( ) 
of the base class. However, with virtual functions, the same segment of program code generates 
different outputs by invoking the member function of the corresponding object. 

The program draw . epp illustrates a practical usage of virtual functions and models the problem 
described above. It uses an array of pointers to objects for storing pointer to objects of different derived 
classes of the base class graphics. The common interface function in all the classes is draw O . 
which is declared as virtual in the base class and defined as a normal function in all the other derived 
classes. 

/ / draw.cpp: graphic class hierarchy with virtual functions 
# include <iostream.h> 
class graphics 
{ 

public : 

virtual void drawn // virtual draw function in base class 
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15.6 Pure Virtual Functions 

Virtual functions defined inside the base class normal ly serve as a framework for future design of the 
class hierarchy; these functions can be overridden by the methods in the derived classes. In most of 
the cases, these virtual functions are defined with a nulbbody\ it has no definition. Such functions in 
the base class are similar to do-nothing or dummy functions and in C++, they are called pure virtual 
functions. The syntax of defining pure virtual functions is shown in Figure 15.8. Pure virtual function is 
declared as a virtual function with its declaration followed by = 0. 



class Myclass 
{ 

public s _ keyword 



null function body 




virtual PetumTyp© FunctionHame ( arguments ) = 0; 






Figure 15 J: Syntax of pure virtual function 

A pure virtual function declared in a base class has no implementation as far as the base class is 
concerned. The classes derived from a base class having a pure virtual function have to define such a 
function or redecJare it as a pure virtual function. It must be noted that, a class containing pure virtual 
functions cannot be used to define any objects of its own and hence such classes are called pure 
abstract classes or simply abstract classes. Whereas all other classes without pure virtual functions 
and which are instantiated are called as concrete classes . 

A pure virtual function is an unfinished placeholder that the derived class is expected to complete. 
The following are the properties of pure virtual functions: 

* A pure virtual function has no implementation in the base class hence, a class with pure virtual 
function cannot be instantiated. 

* It acts as an empty bucket (virtual function is a partially filled bucket) that the derived class is 
supposed to fill 

* A pure virtual member function can be invoked by its derived class, 

The concept of abstract class (a class with pure virtual function) is necessary in order to understand 
pure virtual functions and it is illustrated in the program pure . cpp. Note that a class with one or more 
pure virtual functions cannot be instantiated. 

// purexpp; pure virtual function with abstract class 
iinclude ciostre&m . h> 
class Abs Person 
t 

public : 

virtual void Servieel lint n ) $ // normal virtual member function 

virtual void Service2 (int n) - 0; N Pure virtual member function 

); 
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vc id AbsPerson; : Service 1 (int nJ 
: 

Serviced (n) ; 

} 

class Person : public AbsPerson 
{ 

publ ic: 

veld Seri v:ee2 lint n» ; 

void Person Services i int n t 
( 

-cout « “The number of Years of service: * << (58 - n) << endl; 

} 

void main ( ) 

( 

Person Father, Son; 

Father .Servicel (50) 

Son . Serviced ( 20 ) j 

/ 

Run 

The number of Years of service: 8 
The number of Years of service: 38 

In main () , the statement 

Father . Servicel ( 50 J ; 

invokes the virtual function Servicel ( ) defined in the class AbsPerson and this in turn invokes 
Service2 {) . The Services f ) of the class Person is invoked instead of AbsPerson; it is 
declared as a pure virtual function. 

15.7 Abstract Classes 

Abstract classes (classes with atleast one virtual function) can he used as a framework upon which new 
classes can be built to provide new functionality. A framework is a combination of class libraries (set of 
cooperative classes) wiLh predefined flow of control. It can be a set of reusable abstract classes and the 
programmer can extend them. For instance, abstract classes can be easily tuned to develop graphical 
editors for different domains like artistic drawing, music composition, and mechanical CAD Abstract 
classes with virtual functions can be used as an aid to debugging. Suppose, it is required to build a 
project consisting of a number of classes, possibly using a large number of programmers. It is necessary 
to make sure that every class in the project has a common debugging interface. A good approach is to 
create an abstract class from which all other classes in the project will be inherited. Since any new 
classes in the project must inherit from the base class, programmers are not free to create a different 
interface. Therefore, it can be guaranteed that all the classes in the project will respond to the same 
debugging commands. 

The implementation of such a software system is illustrated by creating a header file containing an 
abstract debugger class with abstract functions. The header file debug .h is an example of an abstract 
bas^ class for debugging. (The program pure, epp has the pure abstract class AbsPerson.) 
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* / debug. h i Abstract class fox debugging 
4 include <iostream*h> 

class debuggable 

public : 

virtual void dumpU 

I 

cout« "debuggable error: no dump { I defined for this class" «endl; 

) 

} ; 

If someone derives a new class from the class debuggable and does not redefine dump ( }\ 11 
warns when the user tries to dump any object of that new class, because the base class version of 
dump () will be used. A few classes derived from the class debuggable are listed in the program 
dbgtest + epp, for testing the debuggable class. 

/ dbgtestxpp: testing of debuggable class 

# inc 1 ude 41 debug . h 14 

class X : public debuggable 

C 

int a, bj c; 
public : 

X f int aa = 0 , int bb « 0 1 int cc - 0 1 
{ 

a = aa; b = bb; c - cc? 

} 

f § other implementation of dump 
void dump { } 

{ 

cout << *a = * « a « " b- " << b « * c= * << c << ©ndl ; 

} 

}? 

class Y: public debuggable 

{ 

int i t j, k; 
publict 

Y( int ii - 0, int jj =0, int kk = 0 I 

{ 

1 = ii; j = jj; k = kk; 

) 

// other imp lamentation of dump 
void dump ( ) 

£ 

cout << ■ i= ■ << i << * js* << j << • k=* << k << endl; 

) 

}; 

class Z : public debuggable 

{ 

int p, q F r ; 
public ; 

Z( int pp = 0, int qq « 0 1 int rr - 0 ) 
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{ 

p = pp; q = qq; r = rr i 

1 

void main ( ) 

{ 

X x ( 1 , 2 , 3 u 

Y y ( 2,4,5); 

Z z; 

x . dump ( ) j 
y „ dump ( ) i 
z . dump ( ) i 

// you can treat x, y, and z as members of the class debug gable 

debuggable * dbg [ 3 ) ? 

dbg[0) * &x; 

dbg [1] * &y; 

dbg {2 1 = &z r 

cout« “Dumping through passing the same message to all objects. . . \n a ; 
fori int i = 0; i < 3; i + * ) 
dbg[il^>dumpl ) ; 

} 

Run 

a*l b=2 c=3 
1=2 j=4 k=5 

debuggable error: no dump ( ) defined for this class 
Dumping through passing the same message to all objects,** 
a*l b=2 c^3 
1=2 j™4 k=5 

debuggable error : no dump ( ) defined for this class 

In main ( } , the statements 

x , dump ( ) i 

y . dump { ) ; 

invoke their own implementation of dump ( ) whereas, the statement 

z - dump { ) ; 

executes the virtual function dump f ) defined in the base class since if does not have an implementa- 
tion of dump ( ) in its own class. The statement which is in the scope of the for loop 
dbg [ i ] ->duxnp ( | j 

passes the same messages to all the objects, which are instances of the class derived from the class 
debuggable. All of them respond in different ways to the same message. If they do not have any 
response- function of their own, they respond through their parent function (in this the object % re- 
sponds by invoking the dump ( ) defined in the parent class debuggable). Thus, any object in the 
system can be dumped or can add the object’s address to the list of debuggable pointers and call 
dump t } as a member of the object. Hence, it is said that "switch statements are to C what vir- 
Ct.al functions are to C++ j 1 

An abstract class becomes very powerful when it is integrated Into a system and changes arc 
required for the interface. Imagine how difficult this would have been in a conventional language. First* 
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it is required to make sure that the debugging interface is properly implemented in all pans of the 
system. If changes to the interface arc to be made, it is required to check each pan separately to ensure 
that the new interface is properly added. With the availability of abstract classes in C++, it just requires 
to change the abstract class and recompile the system The new interface automatically propagates 
throughout the system; when virtual functions ) added in the new interface is redefined in the derived 
class* the compiler ensures strict conformation to the interface. For instance* suppose the programmer 
is required to add a function called trace U 10 class debuggable* the header file can be modified 
to accommodate this function as shown in debug2 . h. 

// defoug2.h: Abstract class for debugging 
iinclude ciostrefam, h> 
class debuggable 
{ 

publics 

virtual void dump U 
f 

cout« H debuggable error ; no dump { ) defined for this c lass *<<endl j 

I 

virtual void trace ( ) 

f 

cout<< H debuggable error: no traced defined for this class *<<endl ; 

} 

}; 



When this new abstract class is used in dbgtesfc , epp, the virtual function trace ( J may or may 
not be redefined in the derived classes x P Y, and Z. It is optional until needed. That is, the debugging 
framework can be designed into classes* and even changes can be made to the framework midway so 
that it can reflect throughout the project without any problem. When trace O is redefined in the new 
classes* the interface {function prototype) must be identical as in the base class debuggable. If they 
do not conform to the interface declared in the parent class* the compiler will either generate an error or 
make the function non- virtual, depending on how the compiler implementation handles this issue. 

An abstract class with one or more pure virtual functions has the following properties: 

+ Describes an unrealized concept (which is yet to be conceived). 

# Objects of an abstract class type cannot he created. 

* Derived classes can be built from these abstract classes. 

♦ Objects of the derived classes can be created provided these derived classes do not have any pure 
virtual functions 

15.8 Virtual Destructors 

lust like declaring member functions as virtual, destructors can be declared as virtual* whereas con- 
structors cannot be virtual. Virtual destructors are controlled in the same way as virtual functions. 
When a derived object pointed to by the base class pointer is deleted, destructor of the derived class as 
well as destructors of all its base classes are invoked. It is illustrated in the program family 3 * cpp. In 
Ihis program* if the destructor is made as non-virtual destructor in the base class, only the base class’s 
destructor is invoked when the object is deleted. 
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basep- >show { ) ; 
delete basep; 

// points to Son J s object 

basep - new Son{ "Eshwarappa" , "Rajkumar*) ; // pointer to son 

cout « "basep points to derived object,. « endli 
basep- >show() ; 
delete basep? 

) 

Run 

basep points to base object. . . 

Father's N ame : Es hwa r appa 

-Father t ) is invoked 

basep points to derived object* 

Father ' s Name : Eshwarappa 
Son's Name: Rajkumar 
-Son ( ) is invoked 
-Father ( ) is invoked 

In main O , the variable basep is a pointer to the base class Father, The statement 
baaep = new Son (■ Eshwarappa ■ , ■Rajkumar*)? // pointer to son 
creates dynamic object of the class Eon by allocating memory required for its data members also. It is 
important that memory allocated to object and its data members has to be released explicitly when the 
object pointed to by basep goes out of scope. 

In the normal case, when the destructor of the base class is not a virtual function, the statement 
delete basep; 

would have deleted only the first string through the base class destructor, but in this case it also deletes 
the string, Eshwarappa through the derived class destructor* The base class destructor is declared as 
virtual and basep actually addresses the Son's object and lienee, the destructors in the Son’s 
class as well as the Father’s class are invoked. Note that while constructing an object, ike construc- 
tors are invoked from the top of a hierarchy (top most base doss) upto the current class and while 
destroying an object , destructors are invoked from the current class to the top most base class in the 
hierarchy. For instance, in the above program* the statement 

basep = new Son ( "Eshwarappa*, "Rajkumar" ) ; // pointer to son 

invokes the constructor of the class Father first and then the constructor of the class Son* The 
statement 

delete basep? 

having basep pointing to the dynamically created instance of the class Son, invokes destructor of the 
class Son first and the destructor of the class Father (unlike in the natural world, in C-H- son dies first 
before his father; however there are exceptions). 

Virtual destructor is used in the following situations: 

* A virtual destructor is used when one class needs to delete object of a derived class that are ad- 
dressed by the base -pointers and invoke a base class destructor to release resources allocated to it. 

* Destructors of a base class should be declared as virtual functions* When a delete operation is 
performed on an object by a pointer or reference, the program will first call tire object destructor 
instead of the destructor associated with the pointer or reference type. 
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/ / famify3.cpp: virtual destructors in parent class 
# include <iostream < h> 

♦include <string . h> 
class Father 

I 

protected; 

char *£_name; 
public; 

Father < char *name I 

I 

f _name = new char ( strlen (name) +1 ) ; 
strcpiM f _name , name ) ? 

> 

virtual -Father () // virtual destructors 

£ 

delete £_name; 

cout « " -Father {) is invoked" << endl; 

} 

virtual void shown // virtual function 

£ 

cout « * Father's Marne; " << £_nams « andl; 

I 

>; 

// Son Inherits all the properties of father 
class ion a public Father 
£ 

protected! 

char # s^,name; 
public; 

Son { char * fname, char * sname }: Father ( fname ) 
t 

s_name = new char [ strlent sname) +1 ] ; 
strcpy ( s_naroe J sname ); 

} 

-Son ( ) . 

{ 

delete s_name; 

cout « "-Son!! is invoked" << endl; 

} 

void show() 

{ 

cout « "Father's Name; ■ « £_naiae « endl; 
cout « “Son's Name; * « surname « endl; 

) 

1 ; 

void main ( ) 

< 

Fa ther * bas ep ; 

// points to Father's object 

basep = new Father I "Eshwarappa “ ) ; // pointer to father 

cout « "basep points to base object..," « endl; 
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1 5.9 How is Dynamic Binding Achieved ? 

To perform dynamic binding of a member function in C++, the function is declared as virtual. Any 
function in a class con be declared as virtual. When functions are declared as virtual, the compiler adds 
a data member secretly to the class. This data member is referred to as a virtual pointer (VFTR). Virt ual 
Table (VTBL) contains pointers to all the functions that have been declared as virtual in a class, or any 
other classes that are inherited. The program vptrsize* cpp shows evidence of the secret existence 
of VFTR, 

// vptrsize.cpp: using size of operator to detect existence of VPTR 
# include <iostream,h> 
class nonvirtual 
{ 

int x? 
public: 

void func ( ) 

{} 

); 

class withvirtu&l 
t 

int xi 
public: 

virtual void func ( ) 

O 

)! 

void mainO 

{ 

cout « *sizeof( nonvirtual } = * « sizeoff nonvirtual ) « endli 
cout « H sizeof ( withvirtual I = * << sizeof t withvirtual ) ; 

} 

Run 

sizeof ( nonvirtual ) * 2 
sizeof { withvirtual ) = 4 

Whenever a call to a virtual function is made in the C++ program, the compiler generates code to 
treat VPTR as the starting address of an array of pointers to functions. The function call code simply 
indexes into this array and calls the function located at the indexed addresses. The binding of the 
function call always requires this dynamic indexing activity; it always happens at runtime. That is, if a 
call to a virtual function is made, while treating the object in question, as a member of its base class, the 
correct derived class function will be called. It is illustrated in the program shapes . cpp. 

// shapes + cpp! inheritance and virtual functions 
# include <iostreanuh> 
class description 
{ 

protected: // so derived class have access 

char * inf ormation? 
public : 

description ( char *info ) t Inf ormation ( info ) 

{) 
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virtual void shown 

{ 

cout « information « endL; 

} 

>* 

class sphere; public description 

( 

float radius#* 
publics 

sphere I char *info, float rad ) rdescription ( inf o> , radius ( rad I 
O 

void show ( ) 

{ 

cout << information! 

cout << ■ Radius * * << radius << endl; 

} 

ll 

class cube; public description 

C 

float edge_lengthj 
publics 

cub® ( char *info, f 1 oat q dg_ lea) : descript ion (info) , edge. 1 ength ( edg„ len I 
O 

void showO 
{ 

cout « information! 

cout « # Edge Length ■ * « edge_l ength « endl : 

> 

sphere small Jball ( "mine 1 *, 1*0 J, 
beach_ball { "plane*, 24,0 ), 
plan.toidl "moon"# le24 ); 
cube crystal { "carbon" r le-24 ), 
ice ( "party*, 1.0 }, 
box ( "card board" F 16*0 >j 
description * shapes [ 3 s 
i 

&amall = )salX* 

tbeachjoall, 

&plan = .toid J 
^crystal f 
fcice p 
&box 

void main t J 

{ 

smal l_ball » show { ) ; 
beaches 11 , show ( ) ; 
plan_toid. show { ) t 
crystal * shown ; 
ice. shown ; 
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box * flhow( 1 ; 

/ / put all description in the list 

cout << "Dynamic invocation of show ( ) . . . 11 << endl ; 
for ( int i - 0; i < sizeof( shapes ) /sizeof f shapes [0] } ; i++ ) 
shapes [ i ] - >show ( > y 

> 

Run 

mine Radius - 1 

plane Radius - 24 

moon Radius - le+24 

carbon Edge Length = la-24 

party Edge Length = 1 

card board Edge Length =16 

Dynamic Invocation of showO . * * 

mine Radius = 1 

plane Radius = 24 

moon Radius = le+24 

carbon Edge Length = le-24 

party Edge Length - 1 

card board Edge Length =16 

From the output „ k can be observed that virtual functions are essential for creating objects with the 
same interface and similar functionality but with different implementations. A debatable issue is "Why 
is the programmer given the option to make a function virtual and why not just let the compiler create all 
functions as virtual ?" C++ allows the programmer to decide whether to declare function as virtual or 
non- virtual. This design decision has been made to fa vor runtime efficiency, A virtual function requires 
an extra dereference to be made when it is invoked. The language defaults are in favor of maximum 
efficiency, which is accomplished through static binding. Thus, the programmer is forced to be aware of 
the difference between early and late binding, and to know when to apply late binding. Several other 
object-oriented languages, such as Smalltalk and Java, always use late binding . 

Virtual Functions Trade-Offs 

C++ stores the addresses of the virtual member functions in the internal table. When C++ statements 
call these member functions, the correct address is fetched from the internal table; this process con- 
sumes some time. Hence, the use of virtual functions reduces the program^ performance to a certain 
extent but at the same time offers greater flexibility. 



15.10 Rules for Virtual Functions 

The following rules hold good with respect to virtual functions: 

* When a virtual function in a base class is created, there must be a definition of the virtual function in 
the base class even if base class version of the function is never actually called. However pure virtual 
functions are exceptions. 

* They cannot be static members, 

* They can be a friend function to another class. 

» They are accessed using object pointers, 
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* A base pointer can serve as a pointer to a derived object since it is type-compatible whereas a derived 
object pointer variable cannot serve as a pointer to base objects. 

* Its prototype in a base class and derived class must be identical for the virtual function to work 
properly. 

* The class cannot have virtual constructors, but can contain virtual destructor In fact, virtual destruc- 
tors are essential to the solutions of some problems. It is also possible to have virtual operator 
overloading. 

* More importantly, to realize the potential benefits of virtual functions supporting runtime polymor- 
phism, they should be declared in the pMk section of a class. 

Review Questions 

15. 1 Descri be dif feren t methods of real m ng poly morphism i n C++. 

15.2 Justify the need for virtual functions in C++, 

15.3 Why C++ supports type compatibles pointers unlike C ? 

15.4 State which of the following statements are TRUE or FALSE. Give reasons. 

(a) In C++, pointers to int data type can be used to point to float types, 

(b) Pointer to base class can point to an object of any class, 

(c) Pointer to a class at the top of the class hierarchy can point to any class objects in that 
hierarchy, 

(d) Virtual functions allows to invoke different function with the same statement. 

(e) He sizeof a class having virtual function is the same as that without virtual functions. 

(f) A class with virtual function can be instantiated. 

(g) A class with pure virtual function can be instantiated, 

(h) A class with pure virtual functions is created by designers whereas, derived classes are 
created by programmers, 

(i) Specification of a virtual function in the base class and its derived class must be same. 

(j) Pure virtual functions postpone implementation of a member function to its derived class. 

15.5 Create a vehicle class hierarchy with top most base having the foil owing specification: 

class vehicle 
{ 

int reg_no; 
int cost; 
public: 

virtual void start Cl = 0; 
virtual void stopO; 
virtual void showO; 

}| 

Write a complete program having derived classes such as heavy, lightweight vehicle, etc. 

1 5 .6 What i s runti me di spatchi ng ? Explai n how C++ handles runtime dispatching . 

15 J7 What are pure virtual functions ? How do they differ from normal virtual functions ? 

15,3 What are abstract classes ? Write a program having student as an abstract class and create 
many derived classes such as Engineering, Science, Medical, etc., from the student class. 
Create their objects and process them. 
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16.1 Introduction 

A significant benefit of object-oriented programming is reusability of code which eliminates redundant 
coding. An important feature of C++ called templates strengthens this benefit of OOP and provides 
great flexibility to the language. Templates support genetic programming, which allows to develop 
reusable software components such as functions, classes, etc.* supporting different data types in a 
single framework. For instance, functions such as sort, search, swap, etc., which support various data 
types can be developed. 

A template in C++ allows the construction of a family of template functions and classes to perform 
the same operation on different data types, The templates declared for functions are called function 
templates and those declared for classes are called class templates. They perform appropriate opera- 
tions depending on the data type of the parameters passed to them. 

A C++ function/class is normally designed to handle a specific data type. Often, their functionality 
makes sense conceptually with other data types. Considering a class/function as a framework around a 
data- type and supporting various operations on that data type, makes sense to isolate the data type 
altogether from the function/class. It allows a single template to deal with a generic dam type T* 

16.2 Function Templates 

There are several functions of considerable importance which have to be used frequently with different 
data types. The limitation of such functions is that they operate only on a particular data type. It can be 
overcome by defining that function as a function template or generic function. A function template 
specifies bow an individual function can be constructed. The program ms wap „ epp illustrates the 
need for function templates. It consists of multiple swap functions for swapping different values of 
different data types. 

// mswap.cpp: Multiple swap functions 
# include <iostream. h> 
void swap! char fc x, char & y 5 
{ 

char ti // temporary variable used in swapping 
t = x; 
x ^ y; 
y * t; 

} 

vsid swap ( int & x, int & y ) //by reference 
C 

int t; // temporary variable used in swapping 
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t = x; 
x = y; 

Y = tf 

) 

Such functions are known as function templates „ When swap operation is requested on operands of 
any data type, the compiler creates a function internally without the user intervention and invokes the 
same. 



Syntax of Function Template 



A function template is prefixed with the keyword template and a list of template type arguments. 
These tempi ate- type arguments are called generic data types * since their exact representation (memory 
requirement and data representation) is not known in the declaration of the function template. It is 
known only at the point of a call to a function template, The syntax of declaring the function template is 
shown in Figure 16, L 



keyword 







ReturnType Fun c Name (arguments } 

( 

.... // body of template function 



} 

Figure 1 6.1 : Syntax of function template 

The syntax of a function template is similar to normal function except that it uses variables whose 
data types are not known until a call to it is made, A call to a template function is similar to that of a 
normal function and the parameters can be of any data type. When the compiler encounters a call to 
such functions, it identifies the data type of the parameters and creates a function internally and makes 
a call to it- The internally created function is unknown to the user. The program gswap , epp makes use 
of templates and avoids the overhead of rewriting functions having body of the same pattern, but 
operating on different data types. 

/ / gswap.cpp; generic function for swapping 
# include < lost ream . h> 
template <class *£> 

void swap ( T St' x, T fc y J //by reference 
{ 

T t; // template type temporary variable used in swapping 
t = x; 

* - yt 
y = t ( - 

} 

void main ( } 

{ 

char chi , ch2 ; 

cout « "Enter two Characters <chl, ch2>j “ ; 
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The above program has three swap functions 




void swap ( float: & sc. float t y ) j 

whose logic of swapping is same and differs only in terms of data- type. Such functions can be declared 
as a single function template without redefining them for each and every data type. The C++ template 
feature enables substitution of a single piece of code for all these overloaded functions with a single 
template function as follows: 




T t ; // template type 
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cin » chi » ch2 ; 

swap | chi, eh2 } j // compiler creates and calls swap C char char &y 1; 
cout « "On swapping <chl* ch2> : ■ « chi « " ■ « ch2 « endlj 
int a, br 

cout « "Enter two integers <a, b> : •; 
cin » a » hi 

swap( a, b ) ; // compiler creates and calls swap ( int int &y ) ; 

cout « 9 On swapping <a, b>* ■ « a « " * « h « endl#- 
float c, d; 

cout « "Enter two £loats <c, d>: * ; 
cin >> c >> d ; 

swap( c, d ),- // compiler creates and calls swap ( float fcx* float &y ); 

cout « "On swapping <c, d>: ■ « c « ■ * « d; 

} 

Enter two Characters <chl, ch2>: £ £ 

On swapping <chl, ch2>: 1C E 
Enter two integers <a # b>: XSk 

On swapping <a r b>; 10 5 
Enter two floats <c, d>; j2j3 f J 99 ,5 
On swapping s <c, &>i 99,5 20.5 

In main () * the statement 
swap ( chi t ch2 ) j 

invokes the swap function with char type variables, When it is encountered by the compiler* it 
internally creates a function of type, 

swap ( char &x , char &y ) ; 

The compiler automatically identifies the data type of the arguments passed to the template function 
and creates a new function and makes an appropriate call. The process of handling the template func- 
tions by die compiler is totally invisible to die user, Similarly, the compiler converts the following calls 
swap { a, b } ? // collier creates swap { int int &y ); 

swap ( c* d ) ; // compiler creates swap f float &x, float &y ) t 

into equivalent functions and calls them based on their parameter data types. Theoretically speaking, 
all the data types share the same template function swap. However* the compiler has created three swap 
functions operating on char* int* and float. 

Invocation of Function Template 

The example of the function template for finding the maximum of two data items is given below: 
template <tlasss T> 

T max( T a, T b I 
( 

if ( a > b ) 
return a; 

else 

return b? 

1 

The function template is invoked in the same manner as a normal function as follows: 
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x = max c y, z } ; 

However* it is processed differently by the compiler* The compiler creates a new function using its 
template and makes a call to it. A function generated internally from a function template is called 
template function. Template arguments are not specified explicitly while calling a function template. The 
program maxi * cpp demonstrates the method of declaring a function template and its usage. 

// maxi f Cpp: finding maximum of two data items using function template 
♦include <iostream.h> 
template <class T> 

T max( I 1 a/T b ) 

( 

if( a > b ) 
return a? 
else 

return b? 

1 

void main { ) 

{ 

// max with character data types 
char ch, chi, ch2? 

cout « "Enter two characters <chl, ch2 > ; ' ; 
ci to » chi » ch2? 
eh = max [ chi, ch2 ) ; 

cout « “maxt chi, ch2 ) : " « ch « endl; 

// max with integer data types 
int a, b, c; 

cout « "Enter two integers <a, b>: " ; 
cin » a » b; 

c = max { a, b ) ; 

cout « H max{ a, b): “ « c « endl; 

// max with floating data types 
float £1, f 2 , £3; 

cout « "Enter two floats <fl r f2>t ■; 
cin » fl >> f 2 ; 

£3 - max( fl, f 2 J ; 

cout « "maxi ft, f2) : * « £3; 

} 

Run 

Enter two characters <cbl f ch2>: A £ 
maxi chi, ch2 ] * £ 

Enter two integers <a, b> : 2Q 10 
maxC a, b) : 20 

Enter two floats <f 1 , £2>: 20.5 3 0 . 9 
maxi fl* £2 ) : 30-9 

In the above program, the compiler creates as many max [ ) functions as the number of calls to the 
function template max ( ) . Once* an internal function is created for a particular data type, all future 
invocation to the function template with that data type will refer to it. For instance, the statement 
e * maxi a# b )i // a, b, and c are integers 
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invokes function template max ( ) first time, the compiler creates max ( ) which handles integer data. 
Future invocation such as, 

i =■ max! j, k J; // i, J, and k are integers 

accesses the function created at the first call since, the data type parameters j and k is the same as that 
of the first call, However, if j and k are other than integers, it creates a new function internally and 
makes a call lo it. 

Functioo and Function Template 

Function templates are not suitable for handling all data types, and hence, it is necessary to override 
function templates by using normal functions for specific data types. When a statement such as 
maxi serl, s tr2 ) 

is executed, it will not produce the desired result. The above call compares memory addresses of strings 
instead of their contents. The logic for comparing strings is different from comparing integer or floating- 
point data type. It requires the function having the definition: 

char * max (char * a , char * b) 

{ 

return! strempfa, b) > 0 ? a t bj ; 

} 

If the program has both the function and function template with the same name, first, the compiler 
selects the normal function, if it matches with the requested data type, otherwise, it creates a function 
using a function template. This is illustrated in the program max2 * cpp. 

/ / max2*cpp; maximum of standard and derived data type items 
# include <iostream.h> 

# include <string*h> 
template <class T> 

T max! T a, T b 1 
{ 

If! a > b ) 
return a? 
else 

return h; 

} 

ff specifically for string data types 
char * max! char *a, char *b ) 
f 

if( stremp ( a f b ] > 0 1 
return a? 
else 

return b; 

) 

void main!) 

{ 

// max with character data types 
char ch, chi, ch2i 

cout << "Enter two characters <chl , ch2>i m t 
cin » chi » ch2; 
ch = max ! chi , ch2 ) ; 

cout « "max! chi, ch2 J : 1 « ch « endl ; 
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fort int 1 = 0; ( i < Sire - 1'“) kk swapped; i++ J 
{ 

swapped = false; 

fort int j = 0; j < { Sire - 1 ) - i; j++ } 
if( SortDataE j J > SortData ! j + 1 J } 
t 

swapped - true; 

swap { SortData [ j ] * SortData [ j + 1 ] ' ) ; 

i 

3 

> 

void main t void ) 



int IntNums [25] ; 
float FloatNums [25] ? 
int i , size; 

cout « “Program to sort elements,.* - « endl; 

/ / Integer numbers sorting 

cout « “Enter the size of the integer vector <ma3€-25>: * j 
cin » size; 

eout « "Enter the elements of the integer vector,,.* « endl; 
for ( i * 0; i < size; i++ ) 
cin » IntNums [i] ; 

Bubbles or t ( IntNums , size J; 
cout << * Sorted Vector : ■ « endl ; 
fort i - D; i < size; i++ ] 
cout « IntNums E i ] « * “j 
// Floating point numbers sorting 

cout « " \nEnter the size of the float vector <max-*25> : " j 
cin » size; 

cout « “Enter the elements of the float vector,,," « endl; 
for [ i = 0 ; i < size ; } 

cin » FloatNums [i] ; 

Bubble Sort ( FloatNums r size ); 
cout « * Sorted Vector:" « endl; 
fort i = 0; i < size; i++ > 

cout « FloatNums [i] « “ * j 



Program to sort elements . , . 

Enter the size of the integer vector <max=“25>: A 
Enter the elements of the integer vector — 

1 

i 

1 

& 

Sorted Vector: 

1 4 6 e 

Enter the size of the float vector <max“25>; 2 
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16.3 Overloaded Function Templates 

The functions templates can also be overloaded with multiple declarations. It may be o verloaded either 
by (other) functions of its name or by (other) template functions of the same name. Similar to overload- 
ing of normal functions, overloaded functions must differ either in terms of number of parameters or 
their type. The program tprint * cpp illustrates the overloading of function templates: 

// tprint. cpp: overloaded template functions 
tinclude <ios tream . h> 
template < class T> 

void print f T data > // single template argument 

{ 

cout << data << endlf 

) 

template <class T> 

void print ( T data, int nTimesJ // template and standard argument 

{ 

fort int i = Of i < primes; i++ ) 
cout « data « endl; 

) 

void main ( ) 

{ 

print (11; 

print f 1*5 Jr 

print [ 520, 2 )j 

print ( "OOP is Great” , 3 If 

» 

Run 

1 

1.5 

520 

520 

OOP is Great 
OOP is Great 
OOP is Great 

In die above program, the templates 

void print ( T data ) / / single template argument 

void print t T data, int nTimesJ // template and standard argument 
overload the function template print t ) , but each one of these functions is distinguishable by the 
number of arguments and the type of the arguments. In main O » the statements 

print ( 1 ) t 
print f 1.5 Jf 

access the one-argument function template whereas, the statements 

print { 520, 2 ); 

print { “OOP is Great" * 3 

access the two argument function template. Note that in these statements, the required function is 
selected based on the number of arguments supplied at the point of call 
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The compiler adopts the following rules for selecting a suitable template when the program has 
overloaded function templates. 

[11 Look for an exact match on functions; if found, call it* 

[2] Look for a function template from which a function that can be called with an exact match can be 
generated; if found, call it. 

[3J Try ordinary overloading resolution for the functions; if found, call it. 

If no match is found in all the three alternatives, then that call is treated as an enor. In each case if 
them is more than one alternative in the first step that finds a match, the call is ambiguous and is an error, 

A match on a template (step [2]) implies that a specific template function with arguments that exactly 
matches the types of the arguments will be generated. In this case, not even trivial type-conversion is 
applied while matching a call to a function template, 

1 6.4 Nesting of Function Calls 

Recursively designed algorithms will have nested calls to themselves. Their implementation in the form 
of function templates will also have recursive calls (calls to itself). The binary search can be imple- 
mented by using recursion. It searches for an item in a list of ordered data by applying the divide and 
conquer strategy. The program fo search * cpp illustrates the template based implementation of recur- 
sive binary search algorithm. 

// bsearchxpp: binary search function template 

♦include ^ios tream . h> 

enum boolean ( false# true } ; 

// recursive binary search 
template <class T> 

int RecBinSearch! T Data [ 1 # T SrchElem, int low, int high ) 

f 

if ( low > high ) 
return -1; 

int mid - ( low + high ) / 2; 
if( SrchElem < Data [mid] ) 

return RecBinSearch! Data# SrchElem, low, mid - I } ; 
else 

if{ SrchElem > Data [mid] ) 

return RecBinSearch! Data, SrchElem, mid + 1# high ); 
return mid; 

} 

void main! void ) 

{ 

int elen\i size, num[25] , index ; 

cout« ■ Program to search integer elements . , . ■ « endl ; 
cout « "How many elements ? .■ ; 
cin » size; 

cout« • Enter the elements in ascending order for binary search * . * " «endl ; 
for! int i ■ 0;i < size; i++ ) 
cin >> num [i] ; 

cout « "Enter the element to be searched; 
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c in >> elem; 

if( t index = ReeBinSearch ( mm, elem, 0, aize ) ) = = - 1 ) 
cout << "Element “ « elem « ■ not found" « endl ; 
else 

coot « * Element ■ << elem << * found at position ■ << Index; 

) 

Run 

Program to search integer elements * * + 

How many elements ? 1 

Enter the elements in ascending order for binary search* * . 

1 

4 

1 

I 

Enter the element to be searched: £ 

Element 6 found at position 2 

In main () p when ihe compiler encounters the expression, 

RecBinSearcht num, elem, 0, size ) 

it creates the search function internally. The function ReoBinSearchC ) has recursive calls to itself* 
In this case, the compiler will not create a new function instead, it uses the internally created function. 

16.5 Multiple Arguments Function Template 

So far, all the function templates dealt with a single generic argument Declaration of a function template 
for functions having multiple parameters of different types requires multiple generic arguments. The 
program multiple . cpp illustrates the need for multiple template arguments, 

/ / multi pie. Cpp use of multiple template arguments 
struct A 
{ 

int x; 
int y; 

}| 

struct B 

{ 

int x; 
double y ; 

>? 

template < class T > 

void Assign _A( T a, T b, A s Si ) 

{ 

SI . x = a; 

Sl.y = b; 

) 

template < class T > 
void Ass ignB ( T a, T b, B U S2 i 
( 

32 . x - a ; 
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College Code: A 
The student record: 

Name: Chinamma 
Age ; 18 
College Code: A 

In piain ( ) + the statement 
Display { si }; 

accesses the function template; the statement 
cout << t « endl ; 

in Display ( ) invokes the overloaded operator function, 

□stream^ operator << { ostream It out, stuRec St $ ) 

In the cout statement, when the compiler encounters the user defined data item, it searches for the 
overloaded stream operator function and makes a call to it. 

16.7 Class Templates 

Similar to functions, classes can also be declared to operate on different data types. Such classes are 
called class templates, A class template specifies how individual classes can be constructed similar to 
normal class specification. These classes model a generic class which support similar operations for 
different data types. A generic stack class can be created, which can be used for storing data of type 
integer* real, double, etc. Consider an example of a stack (modeling last-in-first-out data structure) to 
illustrate the need and benefits of class templates. The class declaration for stacks of type character, 
integer* and double would be as follows: 
class CharStack 

char array [25 3; // declare a stack of 25 characters 

unsigned int top; 
publ ic : 

CharS tack ( ) ? 

void Pushf const char & element I; 
char Pop ( void ) ; 

unsigned int GetSizei void I const; 

) ; 

class IntStack 
{ 

int array [25 1 ; // declare a stack of 25 integers 

unsigned int top; 
public : 

IntStack ( J ; 

void Push ( const int St element ) ; 
int Pop { void ) ; 

unsigned int GetJ3ize(. void ) cons*; 

}; 

class DbleStack 

double array [25]? // declare a stack of 25 double 

unsigned int top? 
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template arguments which are the same as its class template arguments. For instance, the class template 
DataStack has the member function, 

void Push! const T ^element J? 

The parameter elemem is of type template-argument. Its syntax when defined outside is as follows: 
-emplace <class T> 

void DataStack <T>;;Pusht const T ^element ) j 
The syntax for declaring member functions of a template class outside its body is shown in Figure 16.4 

template <cl&ss Tl , . * *> 

class BaseClass 

C 

// template type data and function® 
void fund (Tl a) ? 

); 

template <class Tl, 

void ClassName <Tl , * * »> : s fund (Tl a) 
i 

if function template body 

) ; 

Figure 16-4^ Syntax for tteciarfrtg rnamHir function 
of class template outside Its body 

The program vectcr*cpp illustrates the declaration of the vector class and its usage in 
defining its objects. It has a data member which is a pointer to an array of type T. The type T can be int, 
£loat t etc, t depending on the type of the object created, 

i > vectoncpp* parametrized vector class 
# include <iostream f h> 
template <class T> 
class vector 
{ 

T * v; ff changes to int *v, float *v, * * * * etc 

int sice; // size of vector v 

public: 

vector ( int vector_size ) 

C 

size = vector_aize; 

v = new T [ vector_size J; / / v = new int [ size ] , . >* 

) 

-vector ( J 
{ 

delete v; 

} 

T & elemf int i } 

{ 

iff i >= size l 

eout « endl « "Error: Out of Range H ; 
return v[i ] j 

} 

void shown ? 

; i 
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template < class T, unsigned SIZE 
class StackN 
{ 

protected: 

T Array [SIZE] ; 
unsigned int top? 
public : 

Stack20[ ) ( top « 0; } 

void Push( const T fc elem > { Array [ top++ ] = elem? } 

T Pop ( void ) { return Array! --top 1; ] 
int GetSize( void ) const { return top+1; } 

T & GetTop [ void ) { return Array I top] ; } 

) j 

The declaration of the class template stackN is preceded by, 
template < class T , unsigned SIZE > 

as before, except that it has two arguments. The second argument is an (typed) unsigned argument. 
Making size an argument of the template class StackN rather than to its objects, infers that the sizes 
of class StackN is known at compile time so that class StackN can be fully declared at compile time. 
The class template StackN with a variable stack size can be instantiated by specifying the size in the 
argument list. This makes a template, such as StackN, useful for implementing general purpose data 
structure. The above declarations provide the user freedom to define many instances of the class 
StackN, each operating on different data- types and of variable size, The folio wing statements define 
objects of the class template StackN for storing integers and characters respectively, 

StackN <, int, 20> intstk; 

StackN < char, 50 > Chrstk; 

A known type argument in the template class (second argument in the above case) must be a constant 
expression (evaluated at the compile time) of the appropriate type. 

The list allows insertion operation at the front and deletion operation at the end of a list. The list 
class can have any number of template data elements, as shown in the following declaration, 
templates class R r class S, class T > 
class SnglList 
{ 

pr ivate : 

R data_l; 

S data„2 ; 

T data__3 ; 
public: 

SnglList< R, S, T > *next ; 

SnglList ( void ) ( next = NULL; ) 

friend os Cream & operator<< { ostream &, SnglList< R f S, T > k )t 
friend 1st ream & operafeor>>{ istream & , SnglList< R, S, T > & ) ; 

} t 

The objects of class templates having multiple arguments can be created as follows: 

SnglList <int, float, double> node; 

SnglList < int, unsigned, double > *Roct, *End? 
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1 6.8 Inheritance of Class Template 

A combination of templates and inheritance can be used in developing hierarchal data structures such 
as container classes. A base class in a hierarchy represents a commonality of methods and properties. 
Use of templates with respect to inheritance involves the following: 

+ Derive a class template from a base class, which is a template class. 

* Derive a class template from the base class, which is a template class, add more template members in 
the derived class, 

♦ Derive a class from a base class which is not a template, and add template members to that class, 

# Derive a class from a base class which is a template class and restrict the template feature, so that the 
derived class and its derivatives do not have the template feature. 

The template features provided in the base classes, can be restricted by specifying the type* when 
the class is derived. All the arguments in the template argument list of the base class have to be replaced 
by predefined types. In such a case* the derived class does not inherit the template feature* but is just 
a class of specified data type stated at the point of inheritance decimation. The syntax for declaring 
derived classes from template- based base classes is shown in Figure 16.5. 

template <class Tl, . 
class BaseClasa 
{ 

// template type data and functions 
>f 



template <class Tl, ...> 
class DerivedClass : public Bas eClass <T1 , , , ,> 

( 

ii template type data and functions 

)t 

Figure 1E.5: Syntax for Inti® rtf Eng template base class 

The class deriving a template type base class can be a normal class or a class-template. If a new 
derived class is a normal class, the data-type of template arguments to the base class must be specified 
at the point of derivation, Otherwise* template arguments type specified at the point of instantiation of 
a class template can also be passed, 

Consider an example of declaring the template class Vector, It inherits all the properties from the 
base template class s Vector. The derived template class Vector is still a static vector containing 
twenty elements. Member functions that perform insert* delete and search are added to the derived 
class. The member functions have the prefix <template class T>, since the derived class oper- 
ates on the undeclared type t. The specification of a new template class created by inheriting another 
template- based base class is given below: 
templates class T > 
class vector : public sVector< T > 

{ 

read { ) j 
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void put C T item ) //puts item into bag 

C 

contents | ItemCount++ ] = item; // item into bag, counter update 

} 

boolean IsEmpty ( ) // 1, if bag is empty, 0, otherwise 

{ 

return ItemCount =- 0 ? TRUE' : FALSE; 

} 

boolean isFullO // 1, if bag is full, 0, otherwise 

( 

return ItemCount == MAX_ ITEMS ? TRUE : FALSE; 

} 

boolean IsExistl T item ) t 
void snawfl ; 

)? 

// returns 1, if item is in bag, 0, otherwise 

template <class T> 

boolean Bag<T> : : IsExist £ T item ) 

( 

fori int 1 = 0; i < ItemCount; i++ ) 
if I contents Ei] " item ) 
return TRUE? 
return FALSE ; 

} 

i $ display contents of a bag 
template cclass T> 
void Bag<T>: i show ( ) 

t 

forf int i = 0; i < ItemCount; i*+ ) 
cout << contents Li] << ■ *; 

cout « endl; 

} 

template <clasa S> 
class Set t public Sag <S> 

I 

publ ic i 

void addC S element ) 

{ 

if ( 'IsExistt element 1 kk !IsFull[] ) 
put I element ) ; 

} 

void read { ) r 

void operator = (Set slJ; 

friend Set operator * i Set si. Set s2 }; 

); 

template <class S> 
void Set<S> : : r ead { ) 

{ 

S element; 
while f TRUE ) 
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Enter Set Element <0- end>: £ 

Enter Set Element <0“ end> : £ 

Enter Set Element <0- end> : £ 

Enter Set Element <0- end> ; fl 
Union of si and a2 : 1 2 3 4 5 6 

In the above program * the template class Se t has its own features to perform set union by using the 
member functions of the class Bag, The statement 
template <class S> 
class Set; public Bag <S> 

derives the new template class Set known as derived class from the base class Bag. Hie base class 
Bag is publicly inherited by the derived class Set. Hence, the members of Bag class, which am 
protected remain protected md public remain public, in the derived class Set, The Set class can treat 
all the members of the Bag class as they are of its own. The derived class Set refers to the data and 
member functions of the base class Bag, while the base class Bag has no access to the derived class 
Set. 

16.9 Class Template Containership 

The usage of delegation (containership) with templates allows to build powerful programming compo- 
nents (data structures). It refers to having an object of one class contained in another class as a data 
member. The container class (i,e„ a class that holds objects of some other type) is of considerable 
importance when implementing data structures, Inheritance supports the is -a relationship whereas 
containership supports the hus-a relationship. The program tree,cpp illustrates the use of 
containership in building an unbalanced binary tree. It has two classes TreeNode and Bin&ryTre©, 
The first class represents the node structure of a binary tree where as the second class represents the 
set of operations which can be performed on a tree. The class TreeNode has two pointers to objects 
of its own which serve as the pointers to child nodes. The class BinaryTree has a pointer to the root 
node of the tree, which is an instance of the class TreeNode and thus delegating node handling 
issues to the TreeNode class, 

// tree.Cpp; Binary Tree Operations (create, print, traverse, and searchl 
•include <iostream.h> 

•include <stdio,h> 
template <class T> 
class TreeNode 
t 

protected: 

T data; /* data to be stored in a tree */ 

TreeNode <T> * 1 e f t ; /* pointer to a left sub tree * / 

TreeNode <T> *right ; /* pointer to a right sub tree */ 

public ^ 

TreeNode ( const T& dataln) 

{ 

data « dataln; 
left = right = NULL; 

} 
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TreeNode ( const T& da tain* TreeNode <T> *1* TreeNode <T> *r } 

{ 

m data • dataln; 
left « 1- L 
right * r; 

} 

friend class BinaryTree <T>j 

): 

template <class T> 
class BinaryTree 
{ 

protected s 

TreeNode<T> "foot i 

TreeNode<T> * InsertNode ( TreeNode <T> "root* T data ); 
public : 

BinaryTree ( > 

{ 

root ” NULL; 

} 

void Pr intTreeTriangle ( TreeNode <T> "tree, int level ); 
void Pr intTreeDiagonal ( TreeNode <T> "tree, int level ) ; 
void PreOrderTraverse ( TreeNode <T> "tree ) ; 
void InOrderTraverse ( TreeNode <T> "tree Is 
void PostOrderTr averse ( TreeNode <T> "tree Is 
TreeNode <T> * SearchTree! TreeNode <T> *tree, T data J; 
void PreOrder ( I 

C 

PreOrderTraverse ( root } ; 

} 

void InOrder ( ) 

{ 

InOrderTraverse { root ) ; 

) 

void PostOrder (| 

f 

Po s to rder Travers e ( root ); 

I 

void PrintTreet int disptype ) 

{ 

if( disptype == 1 ) 

Pr intTreeTriangle ( root, 1} ? 
else 

Pr intTreeDiagonal i root, 11? 

) 

void insert! T data I 

{ 

root = InsertNode t root, data }; 

} 
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/* Is data greater than the parent element V 
if t data > tree->data ) 
tree * tree->rightr-' : 
else 

return ( tree )| 

} 

return ( NULL > ; 

} 

void main I ) 

{ 

float data, disptypei 

BinaryTree <f loat> btree; // tree's root node 

cout << "This Program Demonstrates the Binary Tree Operations* << endl; 
cout << "Tree Display Style: ( 1 J - Triangular 12] - Diagonal form: ■? 
cin >> disptype; 

cout << "Tree creation process. . . “ « endl# 
while ( 1 ) 

{ 

cout << "Enter node number to be inserted <0 -END> ; ' ; 
cin » data? 
i f ( data == 0 ) 
break; 

btree . Insert ( data }; 
cout << "Binary Tree is , * , * ; 
btree . PrintTree £ disptype ) ; 
cout << “\n Pre-Order Traversal: " j 
btree . PreOrder ( ) j 

cout << “\n In-Order Traversal: *j 
btree , InOrder f ) ; 

cout << ■ \nPost-Order Traversals ■; 
btree . Post Order { > ; 
cout <* endl; 

) 

cout << “Tree search process, << endl; 
while { 1 ) 

( 

cout « “Enter node number to be searched <0-EMD> : *; 
cin » data; 
if ( data ==■ 0 ) 
break; 

if ( btree . Search £ data ) J 

cout << "Found data in the Tree" « endl; 
else 

cout << “Not found data in the Tree® << endl; 

* 

) 

Bm 

This Program Demonstrates the Binary Tree Operations 
Tree Display Style: [13 ~ Triangular [2] - Diagonal form: 1 
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Tree creation process , * . 

Enter node number to be inserted <0-END>: £ 
Binary Tree is, * . 

5 

Pre- Order Tr a versa 1 : 5 
In-Order Traversal: 5 
J ost *Order Traversal : 5 

Snter node number to be inserted <0-END>: 2 
3 inary Tree i«. , , 

3 

Pre-Order Traversal ; 5 3 
In-Order Traversal: 3 5 
Post-Order Traversal: 3 5 

Enter node number to be inserted <0~END> ; H 
Binary Tree is, , , 

8 

5 

3 

Pre-Order Traversal: 538 
In-Order Traversal: 358 
Post-Order Traversal: 385 
Enter node number to be inserted <0-END>: 2 
Binary Tree is... 

8 

5 

3 

2 

Pre-Order Traversal i 5 3 2 8 
In-Order Traversal: 2350 
Post-Order Traversal: 2385 
Enter node number to be inserted <D -END> : 2 
Binary Tree is. • . 

9 

8 

5 

3 

2 

Pre-Order Traversal: 53289 
In-Order Traversal: 1 3 5 S & 

Post-Order Traversal: 23985 

Enter node number to be inserted < 0 - END> : 2 

Tree search process . , , 

Enter node number to be searched <0 - END> : £ 
Found data in the Tree 

Enter node number to be searched <0-EMD>: 1 
Not found data in the Tree 

Enter node number to be searched <G-ENO> : £ 
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cout « * Enter complex number c2 . . * endl; 
c2 , getdata ( ) ; 

c3 = cl + c2; // integer addition 

c3 .ontdata f ta c3 ■ cl + c2: “ )j // display result 

complex <float> c4, c5* c6; // integer complex objects 

cout « “Addition of float complex objects.,,* « endl ; 
cout « ■ Enter complex number c4 « endl; 
c4 . getdata ( ) ; 

cout << "Enter complex number c5 « endl; 
c5 . getdata ( J ; 

c6 = c4 + c5 ; // floating addition 

c6 . out data ( *c6 * c4 +■ c5; M 1; // display result 

) 

Rim 

Addition of integer complex objects. . . 

Enter complex number cl . , 

Real Part ? 1 
I mag Part ? 2 

Enter complex number c2 . 4 

Real Part ? 2 

Imag Part ? 1, 

c3 - cl + c2 : { 4 j. 6) 

Addition of float complex objects... 

Enter complex number c4 . . 

Real Part 7 1 , 5 
Imag Part 7 2 . 5 
Enter complex number c5 * * 

Real Part 7 2 . 4 
Imag Part 7 3 . 7 
c6 * c4 * c5 : [3 .9, 6.2J 

In main [ h the statements 

complex <int> cl, c2 r c3; // integer complex objects 

complex < float? c4, c5, c6 - // integer complex objects 

when encountered by the compiler, it creates two complex classes internally for handling numbers with 
integer and real data type members and instances of those classes. The statement 
c3 - cl + c2 ; if integer addition 
performs integer operation on complex objects, and the statement 
c6 = c4 + c5; // floating addition 

performs floating-point operation on complex objects. 

Review Questions 

16.1 What is generic programming ? What are its advantages and stale some of its applications ? 

16.2 What is a function template ? Write a function template for finding the largest number in a given 
array. The array parameter must be of generic-data types, 

16*3 Explain how the compiler processes calls to a function template. 

1 6 .4 State whe liter the fol low in g statements are TRUE or FALSE. Give reasons. 
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{a) generic-data type is known at run time. 

(b) function templates requires more memory space than normal function, 

(c) templates are processed by the compiler 

(d) Special mechanism is required to execute function templates, 

(e) The compiler reports an error if any one of the generic data type indicated in template-type 
list is unused for defining formal parameters, 

(f) A derived class of a template- based base class is not necessarily template derived class, 

(g) Overloaded operator functions can be function templates. 

(h) The syntax for defining objects of a class template is slightly different from the definition of 
the normal class’s objects. 

{i} Parameters to constructors can be of template type. 

16*5 What is a class template 7 Explain the syntax of a class template with suitable examples. 

16.6 Explain how the compiler processes calls to a class template 7 

16.7 Explain the syntax for inheriting template- based superclass. Note that the derived class can 
again be atemplate-based or non-template-based. Illustrate with suitable programming examples. 

16.8 Write a template-based program for adding objects of the Vector class. Use dynamic data 
members instead of arrays for storing vector elements, 

16.9 Write a program for manipulating linked list supporting node operations as follows: 

node * node + 2 t node e node - 3 r 
Mode <int> *n = nodel + node2; 

Tie first statement creates a new node with node information 2 and the second statement 
deletes a node with node information 3. The node class must be of type template. 

1 6. 16 Wri te an i nterac live program for c real i ng doubl y l i n ked- 1 isf The program m us t support ordered 
insertion and deletion of a node. The doubly linked-tist class must be of template type. 

16.11 Design template classes such that they support the following statements: 

Rupee -cfloat> rl f r2 j 
Dollar <float> dl , d2 r 

dl = r2 1 / / converts rupee (Indian currency! to dollar tUS currency) 
r2 = d2 ; // converts dollar {US currency! to rupee {Indian currency! 
Write a complete program which does such conversions according to the world market value* 

16.12 Consider an example of book shop which sells books and video tapes.lt is modeled by book 
and tape classes. These two classes are inherited from the base class called madia. The 
media class has common data members such as title and publication* The book class 
has data members for storing a number of pages in a book and the tape class has the playing 
time in a tape. Each class will have member functions such as read { ) and show { ) , In base 
class, these members have to be defined as virtual functions. Write a program which models this 
class hierarchy and processes their objects using pointers to base class only. (Use virtual 
functions and all classes must he template- based.) 
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exhibit the nature of only a consumer. Whereas, a file stored on the disk, can behave as a producer or 
consumer depending on the operation initiated on it. The stream model of C++ is shown in Figure 17.2b. 

A stream is a series of bytes, which act either as a source from which input data can be extracted or 
as a destination to which the output can be sent. The source stream provides data to the program called 
the input stream and the destination stream that receives data from the program is called the output 
stream. 

What are C++ Streams ? 

The C language supports an extensive set of library functions for managing I/O operations, Every C 
programmer is familiar with printf, scanf , puts, gets, f open, f write, f read, 
f close, and related I/O functions defined in the header file stdi©,h. These Functions have served 
programmers very well, but they are inadequate and clumsy when used with object-oriented program- 
ming. For instance, the user cannot add a new format cither for printf or scanf function to handle 
the user-defined data type. Further, the stdio . h functions arc inconsistent in parameter ordering and 
semantics. 

In C++* streams with operator overloading provide a mechanism for filtering. The standard stream 
operators << and >> do not know anything about the user-defined data types. They can be overloaded 
to operate on user-defined data items. Overloaded stream operators filter the user-defined data items 
and transfers only basic data items to the standard stream operators. Consider the following statements 
to illustrate the streams capability: 
cout << complex!; 

cin » complex2 ; 

The data- items complex! and comp lex 2 are the objects of the complex class. The operators » or 
<< do not know anything about the objects complexl and comp lex 2, These are overloaded in the 
complex class as member functions, which process the attributes of complex objects as basic da la- 
items. Collectively, it appears as if the stream operators operate even on objects of the complex class* 
This illusion is made possible because of the feature of overloading the stream operators. 

The C++ language offers a mechanism which permits the creation of an extensible and consistent 
mput'OUtput system in the form of streams library , It is a collection of classes and objects which can be 
used to build a powerful system, or modified and extended to handle the user-defined data types. There 
are different classes for handling input and output streams, as also for streams connecting different 
devices to the program. C++ streams arc also treated as filters, since they have capability to change the 
data representation from one number system to another when requested. 

1 7,2 Predefined Console Streams 

C++ contains several predefined streams that are opened automatically when the execution of a pro- 
gram starts. The most prominent predefined streams in C++ are related to the console device. The fcor 
standard streams cin, cout, cerr, and clog are automatically opened before the function inaiM ) 
is executed: they are closed after main ( ) has completed. These predefined stream objects (are de 
dared in lost ream, h) have the following meaning: 

cin Standard input (usually keyboard) corresponding to stdin in C. 
cout Standard output (usually screen) corresponding to - tdout in C. 
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cerr Standard error output (usually screen) correspond mg to gtderr in C. 
clog A full y-bu ff ered vers i on of c e r r ( no C equi vale nt) . 

The stream objects cin and cout, have been used extensively in the earlier chapters. It is known 
that cin, (console input) represents the input stream connected to the standard input device and cout 
(console output) represents the output stream connected to the standard output device. The standard 
input and output devices normally refer to the keyboard and the monitor respectively. However, if 
required, these streams can be redirected to any other devices or Files. 

Comparison of I/O using C’s stdio.h and C++*s i ©stream, h 

The functions declared in the header file, stdio.h such a&printf, scanf* etc*, require the use of 
format strings. Consider an example of displaying the contents of the integer variable on the console to 
illustrate the flexibility offered by the C++ streams. If the variable i were to be defined by the statement 
int i; 

then the print f statement to display the value of the variable i would be* 
printf{-%d\ i} # * 
and the statement to read data would be, 
scanf ( "%d" , fci) ? 

Consider a situation in which the print f or scanf statement occurs at several places in a 
program. Suppose the program specifications are changed, and it is decided that the variable i must 
hold larger values, the definition of i would be changed to, 
long i; 

The user is now left with the thankless job of searching for all the statements that read or display the 
variable i and replacing %d by %ld in the format strings, Oft the other hand* in C++, the iostream . h 
functions are overloaded to take care of all the basic types, For instance, the statements 
cout << i; 
cin » if 

will work correctly without the need for any modification irrespective of the data type of the i variable. 
The stream based I/O operations can be performed with variables of all the basic data types such as 
i heir, signed ch&r, short int, long, etc. In addition to these, the « and » operators are 
i erloaded to operate on pointers to characters also (for performing input or output with the NULL 
1 nmnated strings). The traditional beginner's C program is usually called "Hello World" and is listed in 
tite program hello *c. 

/* tiello.c: printing Hello World message */ 

♦include <stdie.h> 
void mainO 
t 

printff “Hello World * 1 I; 

) 

Run 

Hello World 

The standard function print f ( ) is in the C library that sends characters to the standard output 
device. The Heilo World program will also work in C++* because C++ supports ANSI-C function library. 
\ new C++ program that does the same operation as C's Hello World is listed in hello, cpp. 
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// heflo.cpp: printing Hello World message 
iinclude <iostream. h> 
void main ( ) 

C 

cout « * Hello World* ; 

) 

Run 

Hello World 

The header file, iostreairuh supports streams programming features by supporting predefined 
stream objects. The C++’s stream insertion operator, « sends the message Hello World to the 
predefined console object, cout which, in turn, prints on the console. 

Output Redirection 

The output generated by cout can be redirected to files whereas, that generated by cerr and clog 
cannot be redirected That is, the following on the command line, 
shell: hello > outfile 

redirects console output to the file named outfile. The output file contains only those messages 
generated by cout but not by cert and clog. They always redirect to console as illustrated in the 
program redirect . cpp. 

// redirect, epp: printing Hello World message 
# include <iostream. h> 
void main ( } 

C 

cout « "Hello World with cout\n"; 
cerr << "Hello World with cerr\n"; 
clog << “Hello World with clog\n"; 

) 

Run 

Hello World with cerr 
Hello World with clog 

Not#: The program is executed by issuing the following command at the shell prompt: 

redirect > outfile 

On execution, the messages shown at RUN appear on the console whereas the first message Hello 
World with cout is stored in the flic outfile. 

The main advantage of using iostream.h functions over the stdio.h functions is data- inde- 
pendence; the freedom to write code without worrying too much about the variable types. Mixed usage 
of stdio and the stream class functions to perform output is not advisable. This is because they use 
different buffers and the order in which the output appears may not conform to the order in which the 
output statements appear in the program . 

Features of cin and cout 

Before examining the facilities available with cout and cin, it is useful to know that the objects cin 
and cout are instances of certain classes defined iniostrearo.h. The object cout is an instance of 
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class ostream_withassign t which is derived from ihe superclass ost ream. Hence, effectively 
cout has ihe functionality of the class ostream. Similarly, ein an instance of the class 
istream_with_assign has Ihe functionality of the class i stream. 

1 7.3 Hierarchy of Console Stream Classes 

The C++ in put -output system supports a hierarchy of classes that are used to manipulate both the 
console and disk files, called stream classes. The stream classes are implemented in a rather elaborate 
hierarchy. The knowledge of C++'s input and output stream class hierarchy will result in the potential 
utilization of stream classes. Figure 17.3, depicts hierarchy of classes, which are used with the console 
device. 




Figure 17.3: Hierarchy of console stream classes 

The iostream facility of C++ provides an easy means to perform I/O, The class 1st ream uses 
the predefined stream cin that can be used to read data from the standard input device. The extraction 
operator », is used to get data from a stream. The insertion operator «, is used to output data into a 
stream. A stream object must appear on the left side of the << or>> operator; however, multiple stream 
operators can be concatenated on a single line, even when they refer to objects of different types. For 
instance, consider the following statements: 

cout << iteml « a *** « cl « iriy_Qbject « I2 m , 
cin » int_var >> float_vaar >> my_ob j€Ct ; 

The first statement outputs objects of different types (both the standard and user defined) and the 
second statement reads data of different types. 

The classes is t ream, ost ream, and ioatream , which are designed exclusively to manage the 
console device, are declared in the header file iostre&m . h. The actions performed by these classy 
related to console device management are described below: 
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ioe class: It provides operations common to both input and output. It contains a pointer to a buffi r 
object (streambufh It has constants and member functions that are essential for handling formatted 
input and output operations. 

The classes derived from the ios class (i stream, os tr earn lost re am) perform specialized 
input-output operations with high-level formatting: 

+ istream (input stream) does formatted input. 

* os t ream (output stream) docs formatted output. 

♦ ios cream (inpul/output stream) docs formatted input and output. 

The pointer st reambuf in the ios class provides an abstraction for communicating to a physical 
device and classes derived from it deal with files, memory, etc. The class, ios communicates to a 
streambuf, which maintains information on the state of the streambuf (good, bad, cof, etc.), and main- 
tains flags used by the is cream and os cream. 

id t ream dmasx It is a derived class of ios and hence inherits the properties of ios. It defines input 
functions such as get () , getlineU, and read()* In addition, it has an overloaded member 
function stream extraction operator », to read data from a standard input device to the memory items, 

os t ream class: It is a derived class of ios, and hence, inherits the properties of ios, It defines 
output functions such as put !) and write ( ) . In addition, it has an overloaded member function, 
stream insertion operator <<, to write data from memory items to a standard output device, 

iMtrMn class: It is derived from multiple base classes, is cream and os cream, which arc in turn 
inherited from the class ios. It provides facility for handling both input and output streams, and sup- 
ports all the operations provided by is Cream and os t ream classes. 

The classes istreain_withassign, ostream_withassign t and iostream_wi thassign 
add the assignment operators to their parent classes, 

17.4 Unformatted I/O Operations 

The most commonly used objects throughout all C++ programs are oin and cout, They are pre- 
defined in the header file, i os t ream . h, which supports the input and output of data of various types. 
This is achieved by overloading the operators << and » to recognize all the basic data types. The 
input or extraction operator is overloaded in the i stream class and output or insertion operator is 
overloaded in the os t ream class, 

put ( } and get ( ) Functions 

The stream classes of C++ support two member functions, get ( ) and put () . The function get 0 is 
a member function of the input stream class i stream and is used to read a single character from the 
input device. The function put () is a member function of the output stream class os Cream and is used 
to write a single character to the output device. The function get O has two versions with the follow- 
ing prototypes: 

void get ( char & ) ; 
int get (void) ; 

Both the functions can fetch a white-space character including Ihe blank space, tab* and newline 
character. It is well known that, the member functions are invoked by their objects using dot operators. 
Hence, these two functions can be used to perform input operation either by using the predefined 
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object, c in or an user defined object of the is t ream class. The program get * cpp illustrates the use 
of get [ ) function to read a line (until carriage return key is pressed). 

// getcpp: R^ad characters using get{) of i stream 
# include <ios Cream . h> 
void mainf) 

{ 

char Cf 
ciruget t c ) , 
while t c != 'Xn 1 ) 

I 

cout « c; 

cin.gett c ); // reads a character 

if replace the above statement by cin » c; and see the output 

> 

> 

Run 

Hello World 
Hello World 

In main ( ) „ the statement 
cin* get ( c ) j 

invokes the member function get ( ) of the object cin of the is t ream class. It reads a character into 
the variable c from the standard input device. If this statement is replaced by the statement, 

cin >> C; 

it will not work as desired, since the operator » will skip blanks and newline characters, Another 
version of get ( ) can also be used in the above program as follows: 
c = cin * get ( ) ; 

It reads a single character and returns the same. 

The function put { h which is a member function of the output stream class os t ream prints a 
character representation of the input parameter. For instance, the statement, 
cout . put C ' R ' 1 1 
prints the character R,and the statement 
cout . put ( c ) $ 

prints the contents of the character variable c. The input parameter can also be a numeric constant and 
hence, the statement 

cout . put f 65 ) ; 

prints the character A (65 is a ASCII code of character A), The program put . cpp prints the ASCII table 
(since put ( } considers input parameter as a ASCII code of a character to be primed.) 

// put. cpp: prints ASCII table using putt) function 
•include <iostream, h> 
void raainO 
C 

char c ; 

fort int i ® 0 # * i < 255 ; i++ } 

C 
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if< i == 26 ) 
continue! 
cout << i << “ " ; 

cout.putC I ); // change to cout << i ; and see the output difference 

cout « end! i 

} 

) 

Run 

I prints ASCII code and its character representation ] 

In main ( ) t the statement 
cout . put ( i ) ; 

prints a character represented by the ASCII code whose value is passed as an input argument through 
the variable i* 

getline{ ) and write (} Functions 

The C++ stream classes support line-oriented functions, get line ( } and write U to perform input 
and output operations. Hie get line { ) function reads a whole line of text that ends with new line or 
until the maximum limit is reached. Consider the program spaeel.cpp for reading an input string 
having a blank space in between. 

// spacel.cpp: the effect of white- space characters on the >> operator 
♦include <iostream,h> 

♦include <iomanip . h> 
void main ( ) 

1 

char test [ 40 3 ; 

cout « “Enter string: “ ; 

cin » test; 

COUt << "Output String: * ; 

cout « test; 

> 

Run 

Enter string: . He ll o WQKlti 
Output string: Hello 

In main O * the statement 
cin » test; 

reads a string until it encounters a white space. If the input to the above program is H Hello World", 
the output is going to be just " Hello", The reason being the operator >> considers all white-space 
characters in the input stream as delimiters. To remedy this, use the member function get line ( ) of 
the cin objects class as shown in the program space2 . cpp. 

// space2.cpp: the effect of white-space characters on the >> operator 

* Include <iostream.h> 

♦ include <iomanip.h> 
void main O 

C 
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In main O i the last statement 

cout. writef stringl, 6 )j 

indicates to display six characters from the string, stringl even though the input string has more 
characters than the number of characters requested to be displayed. The two statements, 
cout .write ( stringl , lenl ) ? 
coot, write ( string2, len2 ); 

can be replaced by the single statement, 

cout.writef stringl t lenl }.write( string2, len2 )t 
The dot operator with the predefined object cout indicates that the function write is a member of the 
class ostream, The invocation of write 0 function returns the object of type os t ream which 
again invokes the write [ } function. 

1 7.5 Formatted Console I/O Operations 

Most programs need to output data in various styles. A common requirement is to reserve an area of the 
screen for a field* without knowing the number of characters the data of that field will occupy. To do this, 
there must be a provision for alignment of fields to left or right, or padded with some characters, C++ 
supports a wide variety of features to perform input or output in different formats. They include the 
following: 

* ios stream class member functions and flags 

* Standard manipulators 

* User-defined manipulators 

ios Class Functions and Flags 

The stream class, ios contains a large number of member functions to assist in formatting the output 
in a number of ways. The most important among these functions are shown in Table 17, L 



Function 


Task Performed 


width U 


Specifies the required number of fields to be used while 
displaying the output value. 


precision { ) 


Specifics the number of digits to be displayed after the 
decimal point. 


mm 


Specifies a character to be used to fill the unused area 
of a field. By default, fills blank space character. 


setf { ) 


Sets format flag that control the form of output display 


unsetf ( } 


Clears the specified flag 



Table 17.1: ios class member functions 



Defining Display Field Width 

The function width o is a member function of the ios class and is used to define the width of the field 
to be used while displaying the output value. It must be accessed using objects of the ios class 
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(commonly accessed using cout object). It has the following two forms: 
int width { ) ; 
int width (int v) ; 

where w is the field width i*e + , number of columns to be used for displaying output. The first form of 
width { ) returns the current width setting whereas, the second form width (int ) sets the width to 
the specified integer value and returns the previous width, Ii specifies field width for the Item* which is 
displayed first immediately after the setting. After displaying an item* it will revert to the default width. 
For instance* the statements 
cout . width ( 4 ) ; 
cout << 20 << 123 ? 
produce the following output: 




The first value is printed in right-justified form in four columns. The next hem is printed immediately after 
first item without any separation; width £ 4 > is then reverted to the default value* which prints in left- 
justified form with default sixe* It can be overcome by explicitly setting width of every item with each 
cout statement as follows: 
cout. width ( 4 ); 
cout « 20; 
cout. width ( 4 ); 
cout « 123 ; 

These statements produce the following output. 







2 


0 




1 


2 


3 



It should be noted that field width should be specified for each item independently if a width other 
than the default is desired for output. If the field width specified is smaller than the required width to 
display items* the field is expanded to the required space without truncation. For instance* 
cout. width! 2 h 
cout << 2000? 

These statements produce the following output: 



□ 


0 


0 


0 



without truncating eventhough width is specified as two. The program student . cpp ill us (rates the 
use of width function in formatting the displayed output. 

/ / student cpp: printing student details in the form of table 
# include <iostream.h> 

const int MAX_JiftRKS = 600? // maximum marks 

class student 
{ 

private : 

char name [11]# // name of a student 
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i nt marks ? / . marks scored by a student 

public : 

void read ( | ; 
void show ( ) t 

i _ 

i ; 

void s indent : : re^d { ) 

f 

cout << * Enter Name; " ; 
cin >> name i 

edUt << "Enter Marks Secured : 1 ; 
cin » marks; 

} 

void student; : show ( ) 

{ 

cout . width ( 10 ) ; 
cout « name; 
tout, width { 6 > ; 
cout << marks ; 
cout , width ( 10 J ? 

cout « int ( float (marks ) /MAX_MARKS * 100 ) ? // percentage 

) 

void m&inO 

{ 

int i , count; 

student *s; // pointers to objects 

cout «s< " How many students ? ■ ; 
cin » count; 

s s new student [count ] ; // array of objects , student s£ count] 

for[ i = 0; i < count; i++ ) 

I 

cout « "Enter Student * « i+l « " details.,* « endl; 
s ( i ] , read £ ) ; 

} 

cout << “Student Report,.. - « «ndl; 
cout, width £ 3 ) ; 
cout « m R# * ; 
cout .width ( 10 | i 
cout << “Student* i 
cout - width £ 6 } ; 
cout << "Marks"; 
cout, widths 15 } ? 
cout << “Percentage" << endli 
for < i = 0; i < count; i++ J 
( 

cout. width! 3 ); 

cout << i+lj // roll_no 

s [ i 1 . show ( ) ; 

cout << endl; 

) 
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cout << 12.53 « 20.5 << 2t 
which produce the following output all packed together: 




It can be overcome by the combined use of width ( ) and precision to control the output format. The 
statements 

cout .precision { 2 ) ; 
cout .width ( 6 ) i 
cout << 12 . 53 ; 
cout , width f 6 ) ; 
cout « 20.5; 
cout: , width C 6 ) | 
cout << 2 ; 



will produce the following output: 



■ 


D 




■ 






■ 


■ 






■ 


B 


B 


■ 


B 


B 


B 





It must be noted from the above output that ihe unused width is filled with blank characters. Unlike 
width { ) * the precision ( I must be reset for each data item being output if new precision is 
desired. 



Filing and Padding 

The function £ i 1 1 ( ) is a member of the ios class and is used to specify the character to be displayed 
in the unused portion of the display width. By default, blank character is displayed in the unused 
portion if the display width is larger than that required by the value. It has the following two forms: 
int fill O ; // returns current fill character 

int fill ( ch } i 

where ch is the character to be filled in the unused portion. For example, the statements 
cout. f ill { ); 

cout . precision ( 2 ) ; 
cout , width ( 6 J | 
cout 12.53? 
cout.width{ 6 J ; 
cout << 20.5; 
cout .width ( 6 S ; 
cout « 2 ; 

wilt produce the following output: 




It is seen from the above output that the unused width is filled with asterisk character as set by the 
statement cout -fill ( ' * * ) ; , Similar to precision [ ) , the effect of f ill ( ) continues unless 
explicitly modified by the other f ill ( ) statement. It is illustrated by the program salary, cpp. 
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cout. width f 10 ) ; 
cout << -420.53," 



will produce the following output: 




If the last statement is replaced by, 
cout « -420.534; 
the following output will be generated: 















l 










* 


LjJ 


4 


2 


0 


Li 


5 


3 


4 



Note that the sign is left justified and the value is right justified. The space between them is filled with 
stars. 



Displaying Trailing Zeros and Plus Sign 

Streams support the feature of avoiding truncation of the trailing zeros in the output. For instance, the 
following statements: 

cout << 20.55 << endl? 
cout << 55.40 << endl? 
cout « 10.00 << endl? 

produce the output as shown below: 




It can be observed that the trailing zeros in second and third output have been truncated. The ios class 
has the flag, showpoint which when set, prints the trailing zeros also. It is set by the following statement 
COUt.sefcft ios : : showpoint ) ; 

which causes the cout to display the trailing decimal point and zero. The following statements 

cout .set £ ( ios : : showpoint )'? 
cout .precision ( 2 ); 
cout « 20.55 << endl ; 
cout « 55,40 « endl? 
cout << 10.00 « endl? 
would produce die output as shown below: 
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Similarly, the plus symbol can be primed using the following statement: 
cout.setft ios : - showpos 1; 

For example, the statements 

cout.setfC ios : ; showpos ); // positive sign 

cout. set ios: :showpaint ); // trailing zero and point 

cout.setf( ios :: internal , ios : ; adjustf ield ) ; 

cout . precision ( 3 ) r 

cout. width ( 10 ) ; 

cout << 420. 53 < 



will produce the following output: 




Table 1 7.3 presents summary of flags that do not have bit fields for the set f function. 



Flag's value 


Effect produced 


ios i ; showba.se 
ios: : showpos 
ios: :showpoint 
ios: : uppercase 
ios : : skipws 
ios: :unitbu£ 
ios : : stdio 


Use base indicator on output 

Add *+’ to positive integers 

Include decimal point and trailing zeros in output 

Upper case hex output 

Skips while-space characters on input. 

Flush after insertion, (i.e„ use a buffer of size l) 
Flush stdout and stderr after insertion 



Table 17.3; Rags that do not have bit fields for setf function 



The flag setting ios: ■ skipws is set by default. The white- space characters are space, tab, 
newline, carriage return, form feed and vertical tab. While performing formatted input (with the >> 
operator), an input stream (such as cin) behaves as if these characters are not present in the input. Use 
this flag with the reset ios flags manipulator, to prevent skipping white -space characters. 

The flags can be reset by using the ios i : unset f member function, It has the following syntax: 
long unsetf { long) j 
and is invoked as follows: 

cout. unset f( ios : : ghowpos ); 

It clears the bits corresponding to show positive-sign symbol (when number displayed is positive) and 
returns the previous settings. 



17.6 Manipulators 

The C++ streams package makes use of the notion of stream manipulators, principally as a means of 
manipulating the formatting state associated with a stream. These manipulators are functions that can 
be used with the or the » operator to alter the behavior of any stream class instances including the 
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c in and cout- C++ has manipulators which produce output and consume input to extend stream I/O 
formatting. Such manipulators can be especially useful for simple parsing of stream inputs. Manipula- 
tors are broadly categorized as producers and consumers, A producer manipulator is one which gener- 
ates output on an output stream* for examples ndl. Similarly, a consumer manipulator consumes input 
from an input stream* for example* ws. 

Manipulators are special functions that are specifically designed to modify the working of a stream. 
They can be embedded in the I/O statements to modify the form parameters of a stream. All the pre- 
defined manipulators are defined ip the header file Ionian ip Manipulators are more convenient to 
use than their counterparts, defined by the ios class. There can be more than one manipulator in a 
statement and they can be chained as shown in the following statements: 
cout « man ip 1 « manip2 « manip2 « item? 
cout << man ip 1 « iteml << item2 « man ip 2 << item3; 

This kind of chaining of manipulators is useful in displaying several columns of output. Manipula- 
tors are categorized into the following two types: 

* Non- Parameter! zed Manipulators 

* Parameterized Manipulators 

As mentioned before, cout and cin work elegantly with any basic type. They do not require 
specification of type of variables while performing I/O. The format string of Cs VO function requires 
display control information such as width* number system, etc.* apart from the variable types in the 
format suing. The program hex . c clarifies these concepts. 

/* tlCXX: read hexadecimal number and display the same in decimal * / 
i include <stdio-h> 
void maint ) 

int nuini 

print£( "Enter any hexadecimal number: * }; 
scanf { *%x*, knum ) j f*ln put in hexadecimal*/ 

/* output i in decimal , in a field of width 6*/ 
print f ( "The input number in decimal = " ) ? 
printf( "%6d w , mim) ; 

} 

Bug 

Enter any hexadecimal number: ab 
The input number in decimal - 171 

Tills kind of code is often useful The question arises — Haw can this be done with cin and cout ? 
The answer lies in the manipulators, For example, the above lines of code that used scanf and 
printf can be rewritten as listed in the program hex * cpp, 

/ / h&x+Cpp: read hexadecimal number and display the same in decimal 
# include <iostream,h> 

# include <iomanip . h> // for manipulators 

void maint) 

{ 

int num? 

cout << “Enter any hexadecimal number \ 
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Manipulator 


Action Performed 


— 
Equivalent to 


setwtint width) 


Sets the field width 


width 


setprecision { int prec) 


Sets the floating-point precision 


precision 


setfill(int fchar) 


Sets the fill character 


fill 


set base ( int base) 


Sets the conversion base 
0: Base 10 is used for output 
8: Use octal for input and output 
10: Use decimal for input and output 
16: Use hexadecimal for input and output 




set iosf lags ( long flags) 


Sets the format flag 


setf 


reset ios £ lags { long flags ) 


Resets the format flag 


unset £ 



Table 173; Of+'s predefined parameterized manipulators 



Buffering 

When a stream is buffered, each insertion or extraction does not have a corresponding I/O operation to 
physically write to or read data from a device, Instead, insertions and extractions are stored in a buffer 
from which data is written or read in chunks. 

In C++, it is possible to force data buffered in an output stream to be written. It is called flushing and 
it ensures that everything stored in an output buffer has been displayed. In general, flushing is done 
when interactive input is requested by the user, so that the program can be sure that information 
displayed on the screen is completely up-to-date. The cok/'s buffer can be flushed using the statement, 
cout, f lusht) t 

A program can tie an input stream to an output device. In this case, the output stream is flushed 
when any characters are fetched from the input stream. For instance, c in is automatically tied tocout 
to be sure that everything has been physically displayed before any input occurs. The user defined 
streams can be tied using the tie function as follows: 

is tr earn input; 
os tr earn output; 

input. tie { output ) r 

The last statement forces the C++ I/O system, to flush the object stream, output every time the fetch 
operation is initiated using the object, input. 

The parameterized manipulators are described below: 

setw{ int width) : Sets the width of the output field specified by the integer parameter width. The 
output field width is reset to 0 every time an output is performed using the « operator. When the 
output field width is 0, normal output is done (without filling or aligning). Hence, use the s e tw manipu- 
lator to specify the field width before every output for which a particular field width is desired. 

vitprteiiion { int pr*c ) : Sets the precision used for floating point output. The number of 
digits to be shown after the decimal point is given by the integer prec. 
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In main O * the statement 

cout << hex << x << endl ; 

outputs 0x0064, since the field width 6 and the fill character *0 S is filled between the base indicator ‘Ox 5 
(due to ios:: show base) and the number 64 (padding like this occurs due to ios: internal being set). 

The program payroll * epp uses the manipulators for displaying numeric quantities for account 
ing purposes so that the decimal points are aligned in a single column. 

/ / payroll, epp; payroll like output example 
# include <iostream«h> 

# include <iomanip«h> 
void main U 
{ 

float £1=123.45, f2=34.65, 0^56? 

cout « setiosf lags (ios: : showphint | ios : ; fixed) 

<< set ios flags ( ios : t right ) ; 
cout « setw ( 6 ) « fl « endl ; 

cout << setw ( 6 ) << f 2 << endl ; 

cout << setw(6) << f3 << endl; 

) 

Run 

123.45 

34,65 

56.00 

Setting the flag ios : ; showpoint will display the point even though a floating point number has 
no significant digits to the right of the decimal point (the variable B). Setting ios ; : fixed ensures 
output in fixed point rather than in exponential notation. The decimal points happen to be aligned due 
to two manipulators: se tprec i s i on ( 2 ) — show two digits after the decimal point and 
setiosflagsdos; : right) — display output in right-justified manner. 

// oct.cpp: Usage of nunib£sr-base manipulators with cin 
# include <iostream. h> 
finclude <i omanip , 
void main ( 5 
( 

int i ; 

// The statement below always interprets the input as octal digits 
cout « "Enter octal number; ■; 
cin >> oct >> i; 

cout « "Its decimal equivalent is ■ ; 
cout << i « endl; 

//The base used by cin in the statement is decided at the time of input 

cout « "Enter decimal number: * ; 

cin » setbase { 0 ) >> i; 

cout << "Its output : ■ s 

cout « i ; 
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Enter octal number : 111 
its decimal equivalent is 13 
Enter decimal number : Ojll 
Its output: 13 

Buia 

Enter octal number: 111 
Its decimal equivalent is 73 
Enter decimal number: Oxlll 
Its output: 273 

In the ein stale me m 

cin >> oct >> i ; 

data input is always interpreted as an octal number So> if the input is 11 1, the output using the cout 
statement here is 73 « Whereas, in the statement 
, . cin » setbaset 0 I >> i; 

if the input to the cin statement here is 1 1 1, then it is assumed to be a decimal number. If it is 01 1 1 , it is 
assumed as an octal number. Finally, an input such as 0x1 1 ! is assumed hexadecimal. So the output of 
the last cout statement will be 1 11 in the first case, 73 in the second, and 273 in the third. 

The program mat tab . epp illustrates the use of manipulators and ios functions in formatting the 
output. 

// mattab.cpp: prints mathematical table having sqr , sqrt 4 and log columns 
# include «iostream.h> 

4 include <iomanip.h> 

# include <math* h> 

// macro for computing square of a number 
ttdefine sqrt x > ((x}*(xH 
void main O 
( 

int num: 

cout << "Enter Any Integer Number i * ; 



cin » num ; 

cout << ™— ™ " << eri dl; 

cout << setwC 5 ) << "NUM" « setw( 10 ) << "SQR" ? 

cout << setw t 15 ) << " SQRT " << setw { IS ) << "LOG " << endl ; 

cout << << endl: 

cout , setf ( ios : : showpoint ); // display trailing zeros 

for ( int i = 1 r i <= num; i++ ) 

t 



cout << setw { 5 ) << i 

« setw( 10 } sqr ( £ ) 

« setw( 15 I « setprecisiont 3 ! « sqrtt f double) i I 
« setwt 15 I « setprecision( 4 ) «set ios flags (ios: : scientific) 
<< log ( t double) i ) « endl << rese t ios flags f ios :: scientific )j 

) 

cout << 41 - “ << en dl # " 
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Enter Any Integer Number : 10 



MUM 


SQR 


SQRT 


LOS 


1 


1 


1,000 


0.0000e+00 


2 


4 


1,414 


6 . 93 15e-Ql 


3 


9 


1,732 


1 . 0986e+Q0 


4 


IS 


2.000 


1 . 3863e+00 


5 


25 


2.236 


1 . 6094e+00 


6 


36 


2.449 


1 . 7918e+00 


7 


49 


2.646 


1.9459e+00 


8 


64 


2. 828 


2 „ 0794e+00 


9 


81 


3.000 


2.1972&+00 


10 


100 


3.162 


2.3026e+00 



17.7 Custom/User-Defined Manipulators 

An important feature of C++ streams is that they also work well with the user-defined manipulators as 
they do with built-in manipulators. Hence, the users can design their own (customized) manipulators 
to control the appearance of the output depending upon their taste and need. The syntax for creating a 
custom manipulator is shown in Figure 17.4. In the syntax, manipulator is the name of the user- 
defined manipulator. 




Figure 17,4: Syntax of creating a custom manipulator 

The program space 3 + cpp creates and uses the user-defined manipulator sp that inserts space 
into the output stream and flushes it, It eliminates the usage of messy statements such as, 
cout << x << 1 ' « y << ' 5 << z « * ' « w « endlz 
to output a series of variables separated by spaces. The statement can be written as, 
cout << x << sp « y << sp « s « sp << w << endl? 
which appears more elegant and simple to use and understand. 
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which actually sets the format for the output's appearance and returns the reference to c out so that the 
item that immediately follows it will be printed m the desired format. After printing one item, format 
specification will immediately revert to the default. 

17.8 Stream Operators with User*Defined Classes 

The elegance of streams is that, it can, not only be used with built-in C++ data types, but also with user- 
defined classes. It requires overloading of the stream insertion and extraction operators. In case of the 
overloaded Mend stream operator « function, the os t ream & is considered as the first argument. 
The return value of this friend function is of type ostreamfc. Similarly, for overloading the Mend 
stream operator » function, theistreamfc is considered as the first argument, The value returned by 
this Mend function is of type i streams. In both the cases, a reference to an object of the class to 
which this operator function is a Mend is taken as the second argument. After processing the data 
members of the second argument, the first argument is tr earn object would be returned. Overloading 
of Stream operators to support user-defined data types has been discussed earlier in detail in the 
chapter on Operator Overloading. 

The insertion operator, « has been overloaded to have an instance of os tr earn (or one of its 
derived classes) on the left and an instance of any basic variable type on the right. Similarly, the » 
operator is overloaded to have an instance of ist ream class on the left and any basic variable type on 
the right. 

Insertion Operator « Overloading 

Consider the prototype of the overloaded << operator to gain a better understanding of streams 
computation. For instance, the prototype of insertion operator overloaded to display integer data is as 
follows: 

©stream & operator « (©stream^, int) j 

Recall that, effectively cout is an instance of class ©stream. Hence, if the variable hum is an integer, 
then, the statement 

cout « num; 

invokes the overloaded operator function with a reference to cout as the first parameter, and the value 
of the variable num as the second. For further overloading, i.e., for this operator to work with user- 
defined classes, another overloaded function is necessary, similar to the above function declaration. A 
new operator function accepts a reference to the instance of user-defined class instead of an integer. 

Extraction Operator » Overloading 

The >> operator (used with i stream) can also be overloaded to take care of user-defined types. 
Inclusion of a function to overload the » operator helps in writing more compact and readable code in 
the main () ■ The program point * cpp illustrates the overloading of stream operators to operate on 
user defined data items, 

// pointxpp: use of both « and » with a user -defined class, 

# include <iostream.h> 

// user defined class 
class POINT 

< 
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private: 

int x, y; 
publics 
POINT*} 

{ 

x = y • 0? 

) 

friend os t ream & operator « { 
friend is tr earn & operator » ( 

}? 

// friend function to POINT 
©stream & operator « ( ©streams os, 

{ 

om « * ( ' << p*x << 1 , ’ « p.y << 
return os; 

} 

1st ream & operator » ( i stream &is r 
t 

is » p.x » p.y? 
return is? 

} 

void main ( ) 

{ 

POINT pi, p2; 

COUt << "Enter two coordinate points {pi , p2) : m j 

cin >> pi » p2; // invokes overloaded operator » () 

tout « "Coordinate points you entered are: * « end!; 

cout « pi « endl « p2 « endl; // calls overloaded operator « () 

1 

Run 

Enter two coordinate points (pi , p2) : 2_3_.5_6 
Coordinate points you entered are: 

(2,3) 

(5,6) 

In main 0 p the statement 

cin » pi » p2; // invokes overloaded operator » (1 

illustrates cascading of stream operators to read data; the leftmost >> is executed first, and invokes the 
overloaded operator function with the first parameter as a reference to cin, and the second parameter 
as a reference to the instance of POINT pi. The return value of this function (which is cin itself) is 
used as the left hand side of the second » operator and so on. 

The friend function of the class POINT, 

is t ream & operator >> { i stream &is # POINT &p ) 

overloads the » operator. It is similar to overloading the output operator. Again, note that the return 
value enables cascading of the » operator. 



oat ream &os, POINT &p ) ; 
istream & is, POINT &p ) t 

POINT kp ) 

*) 

POINT kp ) 
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Streams Computation with Files 



18.1 Introduction 



A computer system stores programs and data in secondary storage in the form pf files. Storing pro- 
grams and data permanently in main memory is not preferred due to the following reasons: 

* Main memory is usually too small to permanently store all the needed programs and data, 

* Main memory is a volatile storage device* which loses Sts contents when power is turned off. 
The most visible entity in a computer system is a file. The operating system implements the abstract 
concept of a file by providing file services and managing mass storage devices such as floppy disks* 
tapes, and hard disks. The various components involved in file processing are shown in Figure 1ST, 



Secondary storage 



write data 
(to flies) 



cln » var; 
(get data 
from key- 
board) 




read data 
(from files) 



program-file 

interaction 




cout « var; 

(put data 

to screen) program-console 
interaction 



Keyboard 



Figure 1 8.1 : Program-console and flit Interaction 
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What is a File ? 

A file is a collection of related information defined by its creator. Commonly, files represent programs 
(both source and object forms) and data. Data may be numeric, alphabetic, or alphanumeric. Files may 
be free-form, such as text files, or may be rigidly formatted. In general, a file is a sequence of bits, bytes, 
lines, or records whose meaning is defined by its creator and user. A file is named and is referred to by 
its name. To define a file properly, it is necessary to consider the operations which can be performed on 
files. The operating system provides most of the essential file manipulation services such as create, 
open, write, read, rewind, close, and delete, 

A program typically involves data communication between the console and the program or between 
the files and program, or even both. The program must atleast perform data exchange between proces- 
sor and main memory, Note that a program without the capability to communicate with the external world 
will serve no useful purpose (irrespective of the objective with which it is designed). 

The streams computation model for manipulating files resemble the console streams model. It uses 
file streams as a means of communication between the programs and the data files. The input stream 
supplies data to the program and the output stream receives data from the program. Thus, the inpur 
stream extracts the data from the file and supplies it to the program, whereas output stream stores the 
data into the file supplied by the program. The movement of data between the disk files and input/ 
output stream in a program is depicted in Figure 1 8.2, 




Figure 1 8 , 2 : File input and output streams 



1 8.2 Hierarchy of File Stream Classes 

The file handling techniques of C++ support file manipulation in the form of stream objects. Hie stream 
pbjecis cin and coot are used extensively to deal with the standard input and output devices. These 
objects are predefined in the header file, iost.ream.li as a part of the C++ language. There are no 
such predefined objects for disk files. All class declarations have to be done explicitly in the program. 
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There are three classes for handling files: 

* if stream * for handling input files. 

* o f s t r e am - for hand ling o utpu t fi les. 

* f stream - for handling files on which both input and output can be performed. 

The se c lasses are deri ved from f s t re amfoa s e and from those declared in the header fit e io s t r earn * h 
(is t ream* i ©stream, ©stream). The hierarchy of C++ file stream classes is shown in Figure 18.3. 




Figure 18*3: Hierarchy of file stream classes 

The classes if stream, of stream, and f stream are designed exclusively to manage the disk 
files and their declaration exists in the header file f stream, h. To use these classes, include the 
following statement in the program 
finclude <f stream. h> 

The actions performed by classes related to file management are described below: 

filebuf: The class filebuf sets the file buffer to read and write. It contains constant ©penprot 
used in open [ ) of file stream class* It also contains closed as a member, 

fstreambuf: Hie class f streambuf supports operations common to the file streams. It serves as a 
base class for the derived classes if stream, of stream, and fa tr earn and contains openO and 
close ( } as member functions. 

if stream: The class if stream supports input operations. It contains opend with default input 
mode and inherits get ( ) , getline ( ) , read { ) , seekg ( ) , and tellg ( } functions from is t ream. 



Copyrighted material 












66S 



Mastering C++ 



Opening Fites Using Constructors 

In order to access a file, it has to be opened either in read, write, or append mode. In all the three file 
su cam classes, a file can be opened by passing a filename as the first parameter in the constructor itself 
For example, the statement 

ifstream infile ( "test , txt" ) ,* 

opens the file t e s t , txt for input. It is known that, a constructor is used to initialize an object during 
its creation. Hence, the constructor can be utilized to initialize the filename to be used with the file stream 
object. The creation and assignment of file name to the file stream object involves the following steps: 

* Create a file stream object using the appropriate class depending on the type of file stream required. 
For example, if stream can he used to create the input stream, of stream can be used to create 
the output stream, and f stream can be used to create the input and output stream, 

* Bind the file stream to the disk. In disk, file stream is identified by a file name. 

For instance, the following statement opens a file named database for input: 

if stream infile ( "database" } / 

It creates infile as the object of the class if stream that manages the input stream, and opens the 
file da t abas e and binds it to the output stream disk file. Similarly, the statement 
of atream outfile f "data, out* ) / 

defines outfile as the object of the class os t ream, and binds it to the file data . out for writing. 

The program. statements can refer to the file objects similar to the stream objects. The syntax for 
performing I/O operations with standard input “Output devices also holds good for files. For instance, to 
’jrint the message Hello World on the console and into the file, the following commands can be 

issued: 

cout « "'Hello World" ; 

prints the message Hello World on the standard output device. Whereas* the statement 

myfile « "Hello World"; 

prints the message Hello World into the file pointed to by the file pointer myfile (Figure IS. 4). 



Disk 




Figure 1 8,4: File I/O with stream operators 
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the following statements: 

outfile « "Hello World"? // write string constant 

out file « salary; // write variable content 

outfile « 750; // write 750 to file 

prints the string 11 Hello World" and the contents of the variable salary to the output file. 
Similarly, the following statements: 

infile >> name; // read string 

infile » age; // read integer 

infile >> number ; if read float 

read the variables name, age, and number from the input file stream infile* 

The constructors of all these classes are declared in the header file f stream , h. The prototypes of 
file stream constructors are shown in Figure 18.5. 




List ream ( cons t char *path , int mode = i os ; : in , i n t pr ot= f i 1 ebuf i ; openprot I ; 

(a) constructor of class ifstream 

of stream (const char ‘path, int mode=ioa : : out d int protsf ilebuf ; :openprct ) t 



(b) constructor of class ofstream 



fs tream(cons t char "path, int mode=ios : : in | ios : : out r int prot=f ilebuf : : openprot ) i 

(c) constructor of class fstream 
Figure 18*5: Prototype of file stream class constructors 

The stream class arguments have the following meaning: 

path: It specifies the pathname of the file to be opened, If the file is in the current directory, only the 
filename needs to be specified, Otherwise, separate the directory names by a backslash (\) in the MS- 
DOS or a slash ( / ) in the Unix operating systems. 

mod®: It specifies the mode in which the file is to be opened. The argument may be specified by using 
enumerated constants declared in the ios class, 

pfot: It specifies the access permission. It is not used if ios; : nocreate is used in mode. The 
default permissions are set in the static variable f ilebuf i : openprot for both read and write (The 
file can be read from and written to) permissions* The access permissions can be read only (S„IREAB) 
or write only (S_IWRITE). Under UNIX, prot parameter can be used to specify read, write, and 
execute permissions to specific owner categories (viz., user, group and others). 

The file must be closed to release all the resources allocated to it. It is known that, the destructor 
normally does the cleanup operation. Whenever file stream object goes out of scope or the program 
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term mates its execution, the file is automatically closed by destructor, The program stdfil* . epp 
creates a file student . out using constructors and writes student details into it. 

// stdlile.cpp: student file, creating file with constructor function 
#include <f stream. h> 
void main ( ) 
t 

char name [ 30] ; 
int 'marks ; 

of stream foot { a student, out* |j // connect student. out to fout 
/; read first student details 
COUt « "Inter Name: * ; 
cin >> name; 

tout « “Enter Harks Secured: 
cin >> marks? 

/ / write to a file 
fout << name « endl ; 
fout « marks « endl; 

// read second student details 
COUt « “Enter Name: * ; 
cin » name; 

cout « "Enter Marks Secured s ■; 
cin » marks; 

// write to a file 
fout « name « endl; 
fout << marks « endl; 

> 

Run 

Enter Name: fia i kumar 
Enter Marks Secured: £S 
Enter Name: Iej.a&w.i 
Enter Marks Secured: SO 

Note: On execution the file student . out contains the following. 

Raj kumar 
95 

Tejaswi 

9D 



In main ( } , the statement 

of stream fout ( " student + out “ }; // connect student. out to fout 
creates the object fout and binds it to the file student . out by opening it in the write mode. The 
statement 

fout « name « endl; 
writes the string name to the file, and the statement 
fout << marks << endl; 

writes the integer variable marks to the file. The file student . out is closed automatically when the 
program terminates. 
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Note that, when a file is opened in write-only mode, anew file is created if a file with the same name 
does not exists. Otherwise, the current contents of the file is truncated and opened in write mode. The 
program st dread. epp opens file student .cut using a constructor and prints its contents on the 
console. 

/ / stdread.cpp: student file, read the file student, out 
# include <£sfcream.h> 
void main t ) 

{ 

char name [301; 
int marks ; 

if stream fin t ’'student , out - ); // connect student.out to fout 

// read first student details 
fin » name; 
fin >> marks; 

cout << -Hama: ■ « name « endl; 

cout « "Marks Secured: * <.< marks << endl ; 

// read second student details 
fin » name; 
fin >> marks; 

Cout « "Marne: ■ « name << endl; 

cout «. “Marks Secured: ■ << marks « endl; 

} 

Bub 

Name : Eajkumar 
Marks Secured; 95 
Marne; Tejaswi 
Marks Secured ; 9 0 

The above program must be executed only when a file with the name student . out already exists and 
has data as expected by the program. 

Opening and Closing of Files Explicitly 

The file can also be opened explicitly using the function open ( ) instead of a constructor, This mecha- 
nism is generally used when differed! files are to be associated with the same object at different times. 
The syntax for opening a file is shown in Figure 18.6, The file can be closed explicitly using the 
close O function as follows: 

stream_pbj act .close {) ; 

The following examples illustrates file ©pen and close operations. 

1. Opening file in write mode: 

of stream fout; // create stream for output 

fout. open ( “student .out" ); // bind stream to file 

fout, close O; // disconnect stream from student .out 
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f out. open ( "person . out * ) ; 

2. Opening file in read mode: 

of stream fin; 
f in . open { " student . in ■ } ; 
fin. closet ) ; 

f in . open ( ■ a tudent . out " } ; 



// bind stream to another file 

// create stream for input 
// bind stream to file 
// disconnect stream from student. in 
// bind stream to another file 



There is a limit on the maximum number of files which can be opened. This constraint is imposed by 
the underlying operating system on which a program executes. For instance, in MS-DOS, the entry 
FILES 5 *!? in the COHFIG , SYS file- the entry FILES * 20 indicates there can be a maximum of 20 
files opened at a time. If any attempt is made to open a file above this limit it falls and returns the NULL 
handle. Therefore, it is advisable to dose a file when it is no longer needed. 



if stream, of stream, f stream 





file -stream-class stream-object ( "filename* ) ; 

(a) file stream object and attaching file name 



file -stream-class stream-object; . Stream object creation 

stream-ob j ect . open ( “ f ilename " ) ; - 1 ™ ' attaching the file name 

(b) file stream object and attaching file name explicitly 

Figure 1 8.6: Syntax of opening the file 

18.4 Testing for Errors 

The assumption of a file operation (opening, processing, or closing) is always successful in an ideal 
situation. There are situations, when the user Hies to open a non-existent file in read-mode or tries to 
open a file in write mode which has been marked as read-only. File operations fail under such circum- 
stances. Such errors must be trapped and appropriate actions must be taken before further processing. 

This can be done using the operator ! with an instance of the if stream, of stream or f s tr earn. 
The operator « is overloaded to return nonzero in ease any stream errors have occurred. For example, to 
open a file for input and test whether it has successfully opened (it will not be opened if the file does not 
exist), the following code may be used: 



Copyrighted material 






Chapter 18: Stream a Computation with Fi I es 






i f str earn in_£ Ho ( m ternt,txt* }; 

//tost for error 
if ( lin_£ile ) 

C //File wasn't opened 

cerr « "Cannot open test . txt\n" ; 
exit? 1 }; 

} 

Once the Hie has been opened successfully, a common activity is to road from the file while the end- 
ofifile has not yet been reached. Using the name of a file stream instance in place of a condition 
expression (such as inside an i £ or while statement) evaluates to nonzero only when no errors have 
occurred in the file. Hence, errors such as end-of-file can be tested as follows: 

while? in^file ) // while IGF has not been reached 

{ 

//Read from the file, 

} 

where in_f il« is an instance of if stream, but an instance of of* Cream or f stream can 
equally be used in such situations. 

An example using i fat ream to output the contents of a file is given below. Note that, the use of 
the manipulator resetiosf lags to prevent skipping white-space characters in the input, A program 
to display the contents of a file (filename is entered interactively) on the console is listed in fdisp „ cpp* 

// fdlsp,cpp: display file contents using if stream to input from a file 
# include «£stream.h> 

♦include <iomanip,h> 
int main ( > 
t 

char ch: 

char filename [ 25 ]? 

cout « * £hter Name of the Files *t 

cin » filename; 

// create a file object in read mode 

ifstream ifilet filename ) t 

iff ! if lie ) // file open status 

t 

cerr « "Error opening ■ « filename << endls 
return 1; 

) 

if ile » reaetiosf lags ( iosssskipws ); //do not skip space or new line 
//Comment above line; then execute the program, you will see funny result 
while ( ifile ) // while IGF not reached. 

{ 

Ifile » ch; // read a character from file 
cout « ch; // display character on console 

) 

return 0; 
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Run 

Enter Maine of the File: mvtvpe . cpp 

[ The contents of the input file, mytype . cpp is displayed on console 1 

In main{ ), the statement 

ifstream ifile{ filename )j 

creates the disk file object, if ile fora file name entered interactively in the read mode. In the absence 
of the statement* 

ifile >> resetiosf lags ( ios : : skipws ) t 

the file will be displayed without any spaces or newlines, since the » operator, neglects any white* 
space characters by default. The statement 
ifile >> ch; 

reads a character from the file in a manner similar to cin. It does not skip white- space characters since 
ios : : skipws flag is reset. The object if lie becomes 0 as soon as it reaches the end of the file and 
hence, the statement 

while! ifile 1 

loops until end of file is reached* All those files that are opened by a program must be closed by it, 
Otherwise, the system closes ail those files which are in open state during the termination of a program, 

The program keyin.cpp waits for keyboard input and dumps all input characters into the file 
key . txt until the end-of-file (Ctrl-Z) character is pressed followed by the carnage-return key, 

// key 3 ox pp; Reads all the characters entered and stores the same in the file 
# include <£ s cream, h> 
void main ( ) 

I 

char ch; 

cout«* Enter characters, . <Ctrl-Z followed by carriage- return to stop>\n* ; 
ofstream o£ile( * key. txt * )i // opens file in output ASCII mode 
while ( cin J // not end of file 
{ 

cin. get( ch ) ? // read character from console 
ofile << ch; if write to file 

} 

ofile . close ( ) ; // close file 

} 

Bud 

©iter characters. . -cCtrl-Z followed by carriage-return to stdp> 

1 

ABC , * X Y Z 

Not©: The file key , txt has all the above characters except "Z 
In main, the statement 

of stream of lie ( “key* txt" ) ; 
o:*tm the file key , txt in output mode. The statement 
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cin. get ( ch ) j 

reads a character from the input device without skipping white-space characters. Hence, the 
reset ios flags ( ios : : skipws) manipulator need not be used to prevent skipping of white- 
space characters. Hie statement 
©file « ch; 

writes character to the output file, The statement 
of ile. close O t 
doses the Ole. 

Another approach for delecting the end -of- file condition is using the member function eof { } « This 
operates as follows: 

stream-object . eof ( ) = 0 if end-of-file is not detected 

= non-zero if end-of-file is detected 
The function eof ( 1 is a member function of the class ios. For example 

i f ( fin * eof t> ) 

// end-of-file 
else 

/ / not end-of-file 

The program stdwr * cpp illustrates the processing of errors that occur while manipulating files. 

/ / stdwr.cpp: student file, creating, writing, and reading the same 
♦include <f stream. h> 
void student_write ( int count } 
t 

char name 130) ; 
int i , marks; 

// create a file, open it in write mode and save data 
of stream fout; // create a file object 

tout . open ( w student .out ■ ) ; // connect file object to file 

iff 3 fout 5 
{ 

cout « "Errors ■ « m student . out cannot be opened in write mode"; 
return; 

} 

for ( i ■ 0; i < count; ) 

C 

COUt « r Enter Name : * ; 
cin » name; 

cout « "Enter Marks Secured: * ; 
cin » marks? 

// write to a file 
fout « name « endl; 
fout « marks « endl; 

I 

fout. close Of // disconnect a file 
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void student_read ( ) 

t 

char nan® [301? 
int i , marks ; 

// create a file, open it in write node and save data 
ifstream fin; // create a file object 
fin* open ( 41 student , out" }; // connect file object to file 
if { i fin } 

( 

cout « “Error? * « “student. out cannot be opened in read mode 4 '? 
return? 

) 

while < X > 

{ 

fin >> name; 
fin » marks? 
if [ £in*eofO } 
break; 

cout « "Name: “ << name « endl; 

cout << "Harks Secured: ■ « marks « endl? 

} 

fin* Close ( ) f // disconnect a file 

} 

void main ( ) 

{ 

int count; 

cout « “How many students ? ■? 
cin » count; 

cout « “Enter student details to be stored**. - « endlj 
student_write ( count ); 

cout « “Student details processed from the file*.*" « endl; 
student_read { > ; 

mm 

How many students ? 3 

Enter student details to be stored**. 

Enter Name; Mflngflla 
Enter Harks Secured; 23 
Enter Name; Chatteriee 
Enter Marks Secured; ££ 

Enter Name : Rao-M-G 
Enter Harks Secured: 33 

Student details processed from the file*,* 

Name: Manga la 
Marks secured; 75 
Name: thatterjee 
Marks Secured: 99 
Name : Rao-M-G 
Marks Secured: 50 
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lb student_write{ ) , the statement 

tout. open ( "student . out • // connect file object to file 

opens the file student , out and connects the same to the stream object fout. The statement 
if { ! f out } 

verifies whether the file is opened successfully or not. If condition is tme 5 when ! fout is nonzero. 
The statement in student_x@ad ( } 
if( fin.eoffl ) 
break; 

checks for the end-of-file and terminates file processing if the end-of-file is reached. 

18.5 File Modes 

The constructors of if stream and key. txt and the function open { ) are used to create files as 
well as open the existing files in the default mode (text mode). In both methods, the only argument used 
is the filename, C++ provides a mechanism of opening a file in different modes in which case the second 
parameter must be explicitly passed. The syntax is as follows: 

S tr earn- object, open f * f ilename" r mode > ; 

It opens the file in the specified mode. The list of file modes are shown in Table 18,1 with mode value and 
their meaning. 



mode value 


Effect on the mode 


lost t in 
ios i : out 
ios: :ate 
ios: : app 
ios : ; trunc 
ios : :nocreata 
ios t : noreplace 
ios : : binary 


open for reading, 
open for writing. 

seek (go) to the end of file at opening time, 
append mode: all writes occur at end of file, 
truncate the file if it already exists, 
open fails if file does not exist, 
open fails if file already exists, 
open as a binary file* 



Table 18,1 : File open modes 

The following points can be noted regarding file modes: 

♦ Opening a file in ios : ; out mode also opens it in the ios : ; trunc mode by default. That is* if the 
file already exists, it is truncated. 

# Both i os : : app and ios ; t a te sets pointers to the end-of-file, but they differ in terms of the types 
of operations permitted on a file. The ios : : app allows to add data from the end-of-file* whereas 
ios : ; ate mode allows to add or modify the existing data anywhere in the file. In both the cases, a 
file is created if it is non-existent. 

* The mode ios s tapp can be used only with output files. 

* The stream classes 1 f stream and of stream open files in read and write modes respectively by 
default. 
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Figure 18.7: File pointer position on opening a file 



Functions for Manipulation of File Pointers 

The C++ I/O system supports four functions for setting a file pointer to any desired position inside 
file where the read or write operation takes place. The functions are listed in the Table 18^2. 



Member of the class 



Action Performed 



Moves get file pointer to a specific location 
Moves pul file pointer to a specific location 
Returns the current position of the get point 
Returns the current position of the put point 



Table 182: File pointer control functions 
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The seekp () and tel Ip ( ) are member Functions of of stream. The seekg and tellg are 
member functions of if stream. The class f stream deals with files in both input and output modes. 
Hence, there are two file pointers in class f stream - the put pointer used for writing and the get 
pointer used for reading. All four functions mentioned above are available in the class f stream. The 
seekp ( ) and tellp f ) deal with the put pointer, while seekg ( } and tellg l ) deal with the get 
pointer. 

The two seek functions have the following prototypes: 

istream L seekg (long offset, seek„dir origin ■ ios: ; beg ) ; 
ostream & seekp ( long offset, seek_dir origin » iosiibeg); 

Both functions set a file pointer to a certain offset relative to the specified origin. The second parameter 
origin, represents the reference point from where the offset is measured. It can he specified by using 
an enumeration declaration (seek_dir) given in the ios class. (See Table 183 h ) 



origin value 


Seeks from... 


ios:: beg 
ios : : cur 
ios : : end 


seek from beginning of file 
seek from current location 
seek from end of file 



Table 18.3: File seek origins 



For example, the statement 

inf ile . aeekg ( 20 * ios?; beg )/ 
or 

inf ile . seekg ( 20 ) ; 

moves the file pointer to the 20th byte in the file, inf i le + After this, if a read operation is initiated, the 
reading starts from the 21st item (bytes in file are numbered from zero) within the file. The statement 
outf ile . seekp [ 20, ios:: beg )j 
or 

outf ile . seekp { 20 ); 

moves the file pointer to the 20* byte in the file out file. After this, if write operation is initiated, the 
writing starts from the 21 51 item (bytes in file are numbered from zero) within the file. Consider the 
following statements: 

of stream outfile{ ■ student . out ■ r ios::app ); 
int size = outf ile , tel Ip U j 

The first statement creates the file stream object out file, and connects it to the disk file, 
student * out. It moves the output pointer to the end of the file. The second statement assigns the 
value of thepwf pointer to the integer variable size, which in this case represents the number of bytes 
in the file. The program f size . epp prints the size of a file, whose name is given as a command line 
parameter. 

// fsiie.cpp: file size finding using seekg and tellg 

iinclude <f stream . h> 

int main f int arge, char *argv[3 ) 

£ 

if { ar gc <2 } //no filename is passed 



Copyrighted material 





Chapter 1 S: Streams Computation with Files 



681 



( 

cout « "Usage ; f size <f i lename> ■ ; 
return I; 

) 

i f stream infile { argv [ 1 ] ) ? // file open in read and write mode 
ift j infile ) // open success 

{ 

cerr « ""Error opening 11 « argv I 1 1 « endl; 
return 1; 

) 

infile , seekg ( 0, ios::end )j // set read pointer to end of file 
cout « "File Size=" « inf ile , tellg { ) ; // read current position 
return 0; 

} 

Bml 

Usage: fsize <f ilename> 

Run2 

File Size-437 

In main O „ the statement 

inf ile - seekg ( 0, ios : : end } ; 
moves the read pointer to the end of the file, and the statement 
infile . tellg ( ) ; 

reads the get pointer value. In this situation, it represents the size of the file. 

The seekg O sets the get pointer while seekp ( ) sets the put pointer to the specified location. 
Some of the pointer offset calls and their actions are shown in Table 18.4 and Figure 1 8.8. It is assumed 
that the variable f out is the object of the stream class of stream and fin is the object of the stream 
class if stream. 



Seek call 


Action performed 


f out . seekg 1 0 , ios : : beg) 


Go to the beginning of the file 


fout . seekg{ 0, ios;:cur) 


Stay at the current file 


fout . seekg ( 0, xos;;end) 


Go to the end of the file 


fout . seekg (n , ios t ; beg) 


Move to (n+1) byte location in the file 


fout, seekg (n, ios:; cur) 


Move forward by n bytes from current position 


f out . seekg ( -n, ios : : cur) 


Move backward by o bytes from current position 


fout . seekg ( -n, ios :: end) 


Move backward by n bytes from the end 


fin. seekp (n t ios:: beg) 


Move write pointer to (n+1) byte location 


fin, seekp ( -n, ios;; cur) 


Move write pointer backward by n bytes 



Table 18.4: Seek calls and their actions 



Copyrighted material 





682 



Mastering! C++ 



ios: : beg ios: .-cut* ios : : end 




Figure 18.8: Seek positions and their origin 
18.7 Sequential Access to a File 

Unlike other programming languages {such as COBOL), C++ does not provide commands organizing 
and processing files as sequential or direct (random) files. However, it provides file manipulation com- 
mands which can be used by the programmer to device access to files sequentially or randomly, A 
sequential file has to be accessed sequentially ; to access the particular data in the file all the preceding 
data items have to be read and discarded. A random file allows access to the specific data without the 
need for accessing its preceding data items. However, it can also be accessed sequentially, Organizing 
a file either as sequential or random depends on the type of media on which the file is organized and 
stored. For instance, a file on a tape must he accessed sequentially, whereas, a file on a hard disk or 
floppy disk can be accessed either sequentially, or randomly. In C++, it is the responsibility of tfie 
programmer to devise a mechanism for accessing a file. 

The C++ file stream system supports a wide variety of functions to perform the input-output opera- 
tion on files, The functions, put n and get U , are designed to manage a single character at a time. 
The other functions, wri te O and readO , are designed to manipulate blocks of character data. 

The pufQ and get() Functions 

The function ge t ( ) is a member function of the file stream class f & t ream, and is used to read a single 
character from the file. The funedonpu t U is a member function of the output stream class fstream, 
and is used to write a single character to the output file. The program put gat . epp reads a string from 
the standard input device, and writes the same to a file character by character. A sequential file is 
created and its pointer is positioned at the beginning of the file. It is processed sequentially until the 
end-of-file is encountered. 
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ASCII format Binary format 




♦ Representation size varies + Representation size remains constant 
according to magnitude irrespective of magnitude 



* File I/O requires * File I/O requires no 

data conversion. Binary conversion of data and 

to ASCII while writing to file hence fast access to a file 
and ASCII to Binary while 
reading a file 

Figure 18,9; Integer representation In ASCII and binary format 

When the character \n is written to a text File (ASCII file), it is actually converted into the sequence 
\r and \n and then written to a file. Similarly, while reading a character if this sequence is encountered, 
it is converted to a single character \n and transferred to the reader. The following section discusses 
other distinction between file operations on ASCII and binary files. 

write O and readu functions 

At the user end, generally the values are represented In ASCII, whereas, inside the machine their binary 
equivalents are used. In certain cases, it is not necessary to store information in the form of ASCII 
characters. For instance, in a database application, storing an integer in binary form instead of a string 
of ASCII characters saves a lot of disk space and makes retrieval faster. To store or retrieve data in 
binary form, the member functions write ( ) or read t ) can be used. 

Unlike put ( ) and get f ) , the write ( ) and read ( } functions access data in binary format. In 
binary format, the data representation in the file and in the system is the same. The difference between 
the representation of data in text form and binary is shown in Figure 1 8.9. The number of bytes required 
to represent an integer in text form is proportional to its magnitude, whereas, in binary form, the size is 
always fixed irrespective of its magnitude. Thus, the binary form is more accurate, and provides faster 
access to the file because no conversion is required while performing read or write. The read ( } and 
write ( ) functions have the following syntax; 

infile- read { (char *) ^variable, sizeof { variable ) ); 
out file . write { £ char *) ^variable, sizeoft variable I )? 

The first parameter is a pointer to a memory location at which the data retrieved from the file is to be 
stored in case of read ( ) and address at which data is to be written when retrieved from a file in case 
of write O , The second parameter indicates the number of bytes to be transferred. The program 
fwr . cpp illustrates the creation and manipulation of binary files. 
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/ / fwrcpp: use of write and read member of file streams 
finclude <fstream. h> 
void main () 

£ 

int numl = 530; 

. float mun2 = 1050.25; 

// open file in write binary mode, write integer and close 
ofstream out„file( “number , bin " , ios;:binary ) ; 
out_file . write i (char * ) 5-rmitil , sizeof ( muni ) ) ; 
out_f lie . write ( (char *) &num2 P sizeof (float) J; 
out_f ile . close ( } ; 

// open file in read binary mode, read integer and close 
4 ifstream in_f ile { M number . bin " *, ios^ibinary )j 
in_,f ile . read ( (char* ) &numl r sizeof ( int) J ; 
in_f ile . read ( (char* } &num2 , sizeof (num2 } 
cout << numl << ■ * « num2 << endl; 
in_f ile . close ( ) ; 

} 

Run 

*530 1050.25 

lit main (), the statement 

out_f ile .write { (char *) &numl, sizeof (numl ) ) ; 
writes the contents of the integer variable numl to the disk file. The number of bytes to be written can 
be computed by sizeof £ numl ) or sizeof ( int ) . The statement 
in_f ile . read ( (char* ) knuml , sizeof (inti > ; 
reads s i zeof ( int ) number of bytes from the file and stores in the memory location pointed lo by 
the second parameter 

13.9 Saving and Retrieving of Objects 

C++ does not support the creation of persistence-objects. Persistence objects are those which outlive 
the program execution time and exist between executions of a program. All database systems support 
persistence. In C++, this is not supported, however, the programmer can build it explicitly using file 
streams in a program. The stream operators can be overloaded to save objects into a file or retrieve 
objects from a file. The stream operators « and > >'are also member functions of the file manipulation 
stream classes ofstream and if stream. The concept of overloading file stream operators is the 
same as that of overloading of console stream operators as discussed in the earlier chapter: Operator 
Overloading. 

The stream operators have to be overloaded as friend operator functions of user-defined classes 
whose objects are to be manipulated with file streams. The stream operator « function takes the 
ofstream & (reference object parameter) as the first argument and file second parameter can be a 
reference object of a class. The return value of this operator function is object of the ofscream & 
type. The operator » function takes the if stream k (reference object parameter) as the first 
argument and the second parameter can be a reference object of a class. The return value of this 
operator function is the object of the type if stream &. Thus, in both the cases, a reference to an 
object of the current class is taken as the second argument and after manipulating the second parameter, 
p reference to an object of the respective stream class is returned. 
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in the above program, the object p_ob j of the class Peisonis retrieved from or saved to a file just 
like a variable of a built-in data type. The statement 

cin » pobj } 

reads the object, p_ob j from the standard input device, whereas, the statement 

if ile >> p_obj ; 

retrieves the object, pobj, from the input file if ile. The statement 
cout « p obj i 

displays the object, p_ob j on the standard output device and the statement 

of ile « p__obj* 

stores the object p ob j in the file. The mechanism of manipulating user defined objects with stream 
operators is depicted tn Figure Iff 10. 




Figure 18,10: Fites and objects interaction 

The classes if stream and of stream are declared in the t stream- h header file. The member, 
functions of the stream classes if stream and of stream, getf) and write () can be used to; 
manipulate user defined objects in disk files. These functions handle the entire structure of an object as A 
a single unit, and store or retrieve in binary format. For instance, the member function write n of the 
class of st ream, writes a class's object from memory byte-by-byte without conversion to the target f 
disk file opened in binary mode. It is important to note that, only data members of a class are copied to 
the disk file. For instance* the statement in the above program, 
of ile « p_ob j ; 
can be replaced by the statement, 

ofile,vrite( (char *) £p_ob j x sizeof (pobj ) ); 

to store the object p_ob j to the disk file. Likewise, the statement 
ifile » pobj ; 



Copyrighted material 




Chapter IS: Streams Computation with Files 






can be replaced by: 

if lie. read l (char *) &p_obj , sizeof (p_obj ) J ; 
in order to retrieve the object from the disk file. The length of the object is computed using the si zeof 
operator. It returns the number of bytes required to hold all the data members of the p_obj object. 

1 8 . 1 0 Fite Input/Output with fstream Class 

The class fstream supports simultaneous input and output operations. It contains open 0 with 
input mode as defan if It inherits ail the functions from is t ream and o stream classes through 
iostream. The program student . cpp illustrates the role of fstream class in the manipulation of 
files. It reads the data from the input file student . in and writes the processed information into 
another disk file student .out. 

// Student. cpp: reads students from files and writes result to another file 
# include <iostream.h> 

# include <fstream.h> 

# include xconio , h> 

# include <process , h> 
void main ( ) 

{ 

fstream infile; // input file 
fstream outfile; // output file 
int i , count, percentage; 
char name 13 0] ; 

// Open source file for reading 
infile . open ( * student , in* , ios : : in 1; 
if( infile. fail U J 
( 

cout << "Error: student. in file non-existent"; 
exit ( 1 ) ; 

} 

out file . open ( " student . out " , ios:: out 1 ; 
if ( outfile * fail ( J ) 

{ 

cout « "Error: unable to open student. out in write mode"; 
exit { 1 ) ; 

1 

infile » count; // how many students 
// write header to output file 



outfile << ■ Students Information Processing" << endl << endl ; 

outfile « ‘ — — — " « endl; 



for( i - 0; i < count; i++ 1 
{ 

// read data and percentage secured from the input file 
infile >> name; 
infile >> percentage; 

t / write name and class secured based on percentage to output file 

outfile « "Name: “ « name « endl; 

outfile << "Percentage: 9 « percentage « endl; 
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out file << “Passed in: * j 
if( percentage >® 70 ) 

outf lie << “First class with distinction * ; 
else 

if ( percentage >= SO ) 

outfile « “First class"! 
else 

if( percentage >* 50 } 

outfile << “Second class" ? 
else 

if( percentage >= 35 I 

outfile « “Third class’* ; 
else 

outfile « "Sorry, Failed!"! 
outfile << end!; 

outfile << * — — — “ << endl; 

} 

// close files 
inf lie * close t } $ 
outfile .close ( I ; 

1 

Run 

Mole that before running the above program, create the input file student , irt containing the data 
accordi ng to the foil ow i ng format: 

1. Number of students 

2. First student name (without blanks) 

3. First student percentage score 



N. Last student name 

Last student percentage score 

It processes the input file and writes results to the output file; see the contents of the student . out. 
The input file student . in contains the following information; 

6 

Rajkumar 

84 

Tejaswi 

82 

Smrithi 

60 

Anand 

55 

Raj shree 
40 

Ramesh 

33 

The above Run has created the output file student , out containing the following; 
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Students information Processing 



Name : Raj kumar 
percentage: 84 

Passed ini First class with distinction 



Name: Tejaswi 
Percentage: 82 

Passed ini First class with distinction 



Name; Smrithi 
Percentage; 60 
passed ini First class 



Name: Anand 
Percentage: 55 
Passed in: Second class 



Name: Rajshree 
Per c ent age: 40 
Passed in: Third class 



Name; Ramesh 

Percentage: 33 

Passed in: Sorry, Failed' 



In main ( ) , the statements 

f stream infile; / / input file 
f stream out file; // output file 

create objects of the stream class f stream, and the statements 
infile* open ( * student .in*, ios: : in ) ; 
out f ile „ open ( "student .out * , ios:: out ) ; 

bind the stream objects infile and outf iletodisk files named student . in and student .out 
respectively. Note that the stream objects inf ile and out file are instances of the f stream 
class, but they are opened in different modes i.e., inf ile is opened in the read mode, whereas 
out file is opened in the write mode » The statement 

infile >> name ; 

reads name string from the input disk file, and the statement 
outf ile << "Name * « name << endl; 

writes the same to the output disk file. The file processing is carried on until all the records are pro- 
cessed. Note that the syntax for writing to the disk file resembles that used for writing to the console. 



1 8.11 Random Access to a File 

The program fio.cpp handles files using the f stream class. It uses f stream to perform both 
input-output operation on the test . del file. Since, the class f stream is derived from lost ream* 
both input and output can be done on the same stream {same file in this case). 
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void main [ } 

{ 

Person p_obj ; 
int count* obj_id; 

cout << "Database Creation*..* << endl ; 

// open a file in binary mode and write objects to it 
ofstream ofilel "person.dat*, ios :: trunc | ios :: binary ) ; 
count - 0 ; 
char chj 
do 
C 

cout << "Enter Object ■ << count « ■ details **. m << endl; 
cin >> p_ob j ; 
count * count + 1; 

f i write object to the output file 

of ile. write! (char *) tp_ob j , sizeof f p_obj >1; 

cout « "Another ? m ; 

cin >> ch; 

] while { t o upper ( ch ) == 'Y f ); 
ofile.close( ) ; 

// Output loop* display file content 

f stream iof ile ( "person. dat*., ios: : binary | ios: ; in | ios : rout ); 
cout « "Database Access ... ■ « endl; 
while t 1 ) 

{ 

cout << "Enter the object number to be accessed <-l to end> s ■ ; 
cin » obj^JLd; 

if ( obj_id < 0 | | obj_id >= count ) 
break; 

int location = obj_id * sizeof ( p^obj ) ; 

iof ile . seekg ( location* ios:: beg ); 

iof ile. read f (char *) fcp_obj , sizeof { p_obj ) ); 

cout << p_obj| 

cout << "Wants to Modify ? "; 
cin >:> ch; 

i f ( ch *£» ' y ' || ch ' Y " i 

{ 

cin >> p_obj; 

// update the object in the file 

iof ile . seekp ( location* ios : :heg ); 

iof ile .write ( [char *} &p__ob j * sizeof { p_obj ) ) ; 

} 

} 

lof ile. close {) ; 

} 

Run 

Database Creation. . . 

Enter Object 0 details.** 

Name: Mi&wmr 

Age : 25. 
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Another ? y 

Enter Object 1 details, ** 

Name: Xfl jMtti 
Age : 20 
Another ? y 

Enter Object 2 details, , , 

Maine ■ Kalpana 
Age ; 15 
Another ? n 
Database Access, . . 

Enter the object number to be accessed <-l to end> : Q 
Name: Rajkumar 
Age : 25 

Wants to Modify ? n 

Enter the object number to be accessed <-l to end> : 1 
Name ; Tejaswi 
Age i 2 0 

Wants to Modify ? y 
Name: Teiaswi 
Age ; 5 

Enter the object number to be accessed <-l to end> : 1 
Name: Tejaswi 
Age : 5 

Wants to Modify ? n 

Enter the object number to be accessed -c-1 to end> : zX 

In the program, initially a database is created without supporting its modification during creation. 
After creating the database file, the object iof ile of class f stream is created using the statement 
f stream io file ( "person. dat " r i os :: binary | iosi s in j ios i : out ); 

It connects I he file person.dat to the stream based object and permits both the read and write 
operations to be performed on the same file. 

To read objects randomly, there must be a mechanism Tor converting object- id (object request) into 
the location at which it is stored This is achieved by computing the location of the object storage using 
the relation : 

int location = obj_id * sizao£{ p_obj } ; 
and put pointer is set to this by: 

iof i le . seekg { location, ios :: beg ) ; 
and the statement: 

iof ile „ read ( (char *) fcp_ob j * si see ft p_obj I ) ; 
reads the file and stores into the object. 

18.12 In-Memory Buffers and Data Formatting 

The C's I/O system has two functions: sscanf ( > and sprint f { ) (whose prototypes appear in the 
stdio . h header file) for formatted I/O with memory buffers. The function so can f performs format- 
ted input from a character array, and sprintf does formatted output to a character array. These 
functions are normally used while displaying numbers in graphical environments (like BGJ and Win- 
dows) where the output functions accept only strings. 
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C++ supports stream classes (declared in strstrea. h): istrstream (handling input of data 
from the array), ostrstream (handling output of data to the array), and strstream (transfer of 
data both ways) to handle character arrays In memory. In many cases, these streams may be easier to 
use than ordinary strings, since their buffers are dynamic, These streams can be used with stream 
operators, manipulators, etc,, in the same way as the file streams. But their constructors have different 
specification. The program cmdadd. epp illustrates the use of is trs t ream class in creating stream 
buffers and using it for extracting the data, It adds all the numbers passed as command line arguments. 

/ / emdadd.cpp: addition of numbers passed through command line 

# include <strstrea.h> 

void main! int arge , char *argv[l ) 

C 

int 1 = 1; 

■long num , sum=0; 
ift arge < 2 ) 

{ 

c ou t « 11 Us ag e : cmda dd 1 is f ^number s_ to J Jt>e„add ed' ? 

return? 

) 

while ( --arge ) 

{ 

istrstream arg ( argv{ 1 ] ) ; 
arg » num; 
suns += nuns ; 
i++; 

I 

cout « sum « endl; 

} 

Run 

At System prompt cmdadd 12 3 
6 

In main ( ) ( the slatemenl 

istrstream argt argvl i } ) ; 

creates an object of the class is trs tr earn and connects the same to a buffer. This object can now be 
used to read data from the associated buffer. The statement 
arg >> num; 

extracts the data value and stores into the variable num This method of accessing data is similar to 
performing I/O with the console and a file, 

18.13 Error Handling During File Manipulations 

In the real time environment, many users access different files without any predefined access pattern. 
The following are the different situations that can arise while manipulating a file: 

* Attempting to open a non-existent file in read-mode. 

* Trying to open a read-only marked file in write-mode. 

* Trying to open a file with invalid name. 
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* Attempting to read beyond the end^f-lhe-file. 

* Sufficient disk space is not available while wilting to a file. 

* Attempting to manipulate an unopened file. 

* Stream object created but not connected to a file. 

* Media (disk) errors reading/writing a flic. 

Such conditions must be detected while manipulating files and appropriate action should be taken to 
achieve consistent access to files. 



Every stream (if stream, ofatieam, and f stream) has a state associated with it. Errors and 
nonstandard conditions are handled by setting and testing this state appropriately. The stream status 
variable and information recorded by its bits is shown in Figure 18.11. 



X 


E 


X 


X ! 











Unused 



* end-of-file 
+ R/W fail 

* invalid operation 

* hard error 



Figure 18.11: State variable format 

The ios class iwpports several functions to access the status recorded in the data member 
io_s t a te, These functions and the meaning of their return values are shown in Table 1 0.5 . 



Function 


Meaning of Return Value 


eof u 


TRUE, (non-zero) if EOF encountered while reading 
FALSE, (zero) otherwise 


faiio 


TRUE, if read or write operation has failed; FALSE, otherwise 


bad ( ) 


TRUE, invalid operation is attempted or any unrecoverable earns 
FALSE, otherwise however, it can be recovered 


good || 


TRUE, if operation is successful he., all the above are functions 
that return false , if file .good ( ) is true, everything is fine and 
can proceed for further processing 


rdstateO 


returns the status-state data member of the class ios 


clear ( ) 


clear error states and further operations can be attempted 



Table 10.5: Error handling functions and their return values 

The following examples illustrates the mechanism for checking errors during file operations: 
1 , Opening a non-existent file in read mode: 

if stream inf il* { ^myf iie * dat w ); 
if( ! infile ) 
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1 

// loop until input = "end" 
while ( 1 ) 

{ 

cin. get line (huff j 80 ) ; // read a line from keyboard 

if( strcmp ( buff, "end 1 * } -= 0 ) 
break; 

outfile << buff « endl; // write to output file 
iff outf ile . fail f) ) 

C 

cout << " write operation fail"; 
exit ( 1 ) ; 

) 

I 

outfile .close ( 1 ; 

} 

Run 

OOP is good 
C++ is OOP 
C++ is good 
end 

Note: On execution of the above program, the file sample . out contains the following information 
entered through the standard input device, keyboard: 

OOP is good 
C++ is OOP 
C++ is good 

In main ( } , the statement 

ofsfcream outfile; // output file 
creates the object outfile and the statement 

outf ile , open ( "sample * out* } ; // open in output mode, 

opens the file sample - out in the output mode. The statement 
if ( out file, bad U 1 // open fail 

checks for the status of the file open command. If open falls, it returns 1, otherwise 0, The statement 
outfile « buff « encll; // write to output file 
writes the contents of the variable buff followed by a new- line character to the file. The statement 
i f ( outfile . fail ( ) ) 

checks for the status of the preceding write operation. 



18.14 Filter Utilities 

The operating system provides many tools for browsing through the contents of the file, copying one 
file to another, printing files on the printer, and beautifying the content of files. Such utilities are called 
filter utilities because of their nature of filtering input Files and presenting them in an appealing form. For 
instance, the more command (DOS or UNIX) display the contents of the files page by page on the 
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console. Using the services of C++ streams such filler utilities can be built. Filter utilities are designed 
usually to accept the name of a file to be processed through the command- line arguments. 

The comm and- line arguments are entered by the user at the shell prompt, and are delimited by while- 
space. (The first argument is a name of the command; filename containing the executable program.) 
These arguments are passed to the iftain ( J function of the program with the following syntax: 
main{ int argc, char *argv[J ] 

The first argument argc represents the argument count, whereas, the second argument is a pointer to 
an argument vector. For instance, when the following command is issued at the shell prompt, 
copy boy . exe girl.exe 
the value of argc and argv are as follows: 
argc = 3 
argvtO] -copy 
argv[li = boy. exe 
argvl2] = girl, exe 

The program cp . cpp is designed as a filter utility. It copies the source file into another destination 
file in the disk. The names of the source and destination files have to passed through the command line 
arguments. It can be used to copy both the ASCII and BINARY files. 

/ / cp.cpp: Copy a file to another file 
iinclude <iostream . h> 

# i nc lude <fstr earn , h> 
iinclude <conio.h> 

# Include <process.h> 
const int BUFFSIZE = 512; 

int CopyFilet char *SourceFile, char *DestinationFile ) 

( 

fstream infile; // source file 
fstream outfile; / / destination file 
char buff[ buffsize + 1 ] ; 

/ / Open source file for reading 

infile. open ( SourceFile, ios : : in | ios::binary ); 
if! inf ile, fail ( ) ) 
f 

cout « "Error: " << SourceFile << ■ non-existent*; 
return 1; // no input file 

} 

out file , open ( DestinationFile, ios:: out j i os n binary ); 
if { outfile . fail ( ) ) 

{ 

cout << "Error: * << DestinationFile « * unable to open * ; 

return 2; // cannot be written to a destination file 

> 

whilel J infile. eof < ) ) 

I 

infile, read* fchar *) buff, BUFFSIZE }; 
outfile. write ( (char *) buff , inf lie . gcount ( ) > ; 
ift inf ile. gcount O < BUFFSIZE ) 
break; 

3 

inf ile. close ; 
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outf i le . close ( } ; 

return 0? // successful copy 

) 

void mainC inc argc* char T argv(] ) 

{ 

cout*< "cp - Copy file. Copyright {€} 1996- RAJ, C-DAC, Bangalore * \n" 

If ( argc < 3 ) 

{ 

cout << “’Usage: cp < source f ile> < destination 
exit { 1 } ; 

} 

iff CopyFile{ argv[l] , argv [ 2 } ) l- 0 ) 
cout « ®\n£ile copy operation failed, 

} 

Runl 

cp - Copy file, Copyright (Cj 1996, RAJ, C-DAC, Bangalore. 

Usage: cp <source file> ^destination f ile> 

Run2 

cp - Copy file, Copyright CO 1996, RAJ, C-DAC, Bangalore, 

Error: noname . cpp non-existent 
file Copy operation failed. 

Run3 

cp ** Copy file. Copyright fCj 1996, RAJ, C-DAC, Bangalore, 

The arguments passed at the command line for the above three executions are as follows: 

Runl: cd 

Runl: c„pjQjanam^je^^jaame^..e :ie 
Run3: cn_c.D^,cpxL_x.emn^ep:p 

In main ( ) , the statements 

f stream infile; // source file 
f stream outf ile; / / destination file 

create two objects infile and outf ile of the class f stream. They can be used either to read or 
write to the disk. The statement 

infile. opent SourceFile, ios : : in | ios :: binary ) ; 
opens SourceFile in binary read mode and assigns the handle to the object infile. Whereas, the 
statement 

outf i le . open { DestinationFile , ios:: out j ios: : binary ) ; 
opens DestinationFile in binary write mode and assigns the handle to the object out file. 
The statement 

infile. reads (char *) buff, BUFFS I ZB )t 
reads the BUFFS I ZE number of characters from the inf ile into the variable buf f .and the statement 
outf ile . write { {char * ) buff, inf ile . gcount O )i 
writes the number of characters that are read {gcount ( ) returns the count of the number of characters 
tead successfully) from the input file into the destination disk File, 
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The statement 

iff inf i le . gcount H < BUFFSIZE ) 

checks whether the number of characters read from the input file is less than the requested number. If 

yes> it indicates that the input file has no more characters to be read and terminates the reading process. 

Hie statements 

infile * close ( ) ; 

out file .close i J i 

close both the input and output files from further processing. 

Review Questions 

18*1 What is a tile 7 What are the steps involved in manipulating a file in a C++ program ? 

1 8*2 E x plai n the van ous fi le stream c 1 asses needed for ftl e man i pul ali o ns ? 

1 8-3 Dc sc ri I k di fferent methods of open mg a file. Wri te a program to open a fi i e named " x x x , bio" and 
write your name and other details into that file. 

18*4 What are the different types of errors that might pop-up while processing files ? 

18*5 Write an interactive program that accepts student's score and prints the result to a file. 

18-6 Explain how while (inputs file ) expression detects the end of a file ? 

18*7 What are file modes ? Describe various file mode options available 7 

18*8 The file open modes ios : : app and ios : : ate set file pointer to end-of-filc. What then, is 
the difference between them ? 

18*9 What are file pointers ? Describe get- pointers and put-pointers. 

18*10 What are the differences between sequential and random files ? 

18*11 What are the differences between ASCII and binary files ? 

18*12 Write a program which copies the contents of one file to a new file by removing unnecessary 
spaces between words. 

18*13 Create a class called student. This class should have overloaded stream operator functions 
to save or retrieve objects of the student class from a file. Write an interactive program to 
manipulate objects of the student class with a file, 

18-14 What are filter-utilities ? Write a program to display files on the screen page-wise. The output 
must pause after every page and continue until carriage return (enter) key is pressed. Accept 
name of a file to be processed from the command- line, 

18, 15 Explain how memory buffers can be connected to stream objects. 

18*16 Write an interactive program to maintain an employee database. It has to maintain information 
such as employee id, name, qualification, designation, salary, etc* The user must be able to 
access all details about a person either by entering employee name or by employee id* Note that 
request for information may come randomly. It has to support an option for creating, updating, 
and deleting a database (in addition to query). 
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19.1 Introduction 

The increase in complexity and size of the software systems and the increase in society's dependence 
on the computer systems have been accompanied by an increase in the costs associated with their 
failure. The rising cost of failure in a computer system has stimulated interest in improving software 
reliability. 

Software does not degrade physically as a function of time or environmental stress. It was assumed 
earlier that the concepts such as reliability or failure rate were not applicable to computer programs. It is 
true that a program that has once performed a given task as specified will continue to do so provided 
that none of the following change: the input, the computing environment, or user requirements. How- 
ever, it is not reasonable to expect a program to be constantly operating on the same input data, because 
changes in computing environment and user requirements must be accommodated in most of the 
applications. Past and current failure free operation cannot be taken as a dependable indication that 
there will be no failure in the future. 

Hie two main techniques for building reliable software (for dependable computing) are fault avoid- 
ance and fault tolerance. Fault avoidance deals with the prevention of fault occurrence by construc- 
tion. It emphasizes on techniques to be applied during system development to ensure that the running 
system satisfies all reliability criteria a priori. It emphasizes that a sound way to deal with design faults 
is to stop them from getting into the system in the first place. Fault tolerance deals with the method of 
providing services complying with the specification in spite of faults having occurred (or occurring) by 
redundancy. In C++, exception handling allows to build fault tolerant systems. 

Fault tolerance approach attempts to increase reliability by designing the system to continue to 
provide service in spite of the presence of faults. It begins with error detection. It must be possible to 
detect the occurrence of a latent error before it leads to failure. Once an error has been detected, the goal 
is error recovery. The goal of fault tolerant design is to improve dependability by enabling the system 
to perform its intended function in the presence of a given number of faults. 

The Annotated C++ Reference Manual (ARM) by Ellis and Stroustrup slates Exception handling 
provides a way of transferring control and information to an unspecified caller that has expressed 
willingness to handle exceptions of a given type . Exceptions of arbitrary types can be 1 thrown and 
caught 1 and the set of exceptions a Junction may throw can be specified. The termination model of 
exception handling is provided. Exception handling can be used to support notions of error handling 
and fault tolerant computing, 

19.2 Error Handling 

n traditional programming techniques, validation of input data and some runtime errors were handled 
explicitly by the module in which the error occurred. Although, the users of these modules know how to 
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cope with such errors, there is no means to detect the errors and handle them in the user's code instead 
of the library. Hie notion of exceptions is supported in C++ to deal with such problems. Here, exception 
refers to unexpected condition in a program. The unusual conditions could be faults, causing an error 
which in turn causes the program to fail. The error-handling mechanism of C++ is generally referred to 
as exception handling. It provides a straightforward mechanism for adding reliable error handling 
mechanism in a program. 

Generally, exceptions are classified into synchronous and asynchronous exceptions. The excep- 
tions which occur during the program execution due to some fault in the input-data or technique that is 
not suitable to handle the current class of data, within the program, are known as synchronous excep- 
tions, For instance, errors such as out- of- range, overflow, underflow, and so on belong to the class of 
synchronous exceptions. The exceptions caused by events or faults unrelated (external) to the program 
and beyond the control of program are called asynchronous exceptions. For instance, errors such as 
keyboard interrupts, hardware malfunctions, disk failure, and so on belong to the class of asynchro- 
nous exceptions. The proposed exception handling mechanism in C++ is designed to handle only 
synchronous exceptions caused within a program. 

Exception handling is an integral part of the ANSI/ISO C++ language standard. This standardization 
ensures that the power of object-oriented design is supported throughout the program. An especially 
strong feature of the standard is the availability of virtual functions and the use of objects to define 
exceptions. Virtual functions guarantee a minimum runtime overhead-zero additional program over- 
head if no exceptions arc thrown. When used properly, C++ exception handling solves many problems 
with alternative error handling techniques (such as returning error values from methods or using global 
error handlers). 

In accordance with ANSI specifications, recent implementation of most C++ compilers are support- 
ing the exception-handling model. When an abnormal situation arises at runtime, the program should 
terminate. However, throwing an exception allows the user to gather information at the throw point that 
could be useful in diagnosing the causes which led to failure, An user can also specify in the exception 
handler the actions to be taken before the program terminates. Only synchronous exceptions arc handled 
(the cause of failure is generated from within the program). An event such as Control- C (which is 
generated from outside the program) is not considered to be an exception. 

19.3 Exception Handling Model 

When a program encounters an abnormal situation for which it is not designed, the user may transfer 
control to some other part of the program that is designed to deal with the problem. This is done by 
throwing an exception. The except ion -hand ling mechanism uses three blocks: try, throw, and catch. 
The relationship of these three exception handling constructs called the exception handling model is 
shown in Figure 19,1 . 

The try -block must be followed immediately by a handler, which is a catch block. If an exception is 
thrown in the try -block, the program control is transferred to the appropriate exception handler. The 
program should attempt to catch any exception that is thrown by any function. Failure to do so could 
result in abnormal termination of the program. Though C++ allows an exception to be of any type* it is 
useful to make exceptions as objects. The exception object is treated exactly the same way as other 
normal objects. An exception carries information from the point where the exception is thrown to the 
point where the exception is caught. This information allows the program user to know as to when the 
program encounters an anomaly at runtime. 
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Figure 19.1: Exception handling model 



19.4 Exception Handling Constructs 

Exception handling mechanism transfers control and i nformation from a point of exception in a program 
to an exception handler associated with the try-biock. An exception handler will be invoked only by a 
thrown expression in the code executed by the handler’s try-block or by functions called from the 
handlers try-block. C++ offers the following three constructs for defining these blocks, 

+ try 

* throw 

* catch 

The exception handler is indicated by the catch keyword. The handler must be used immediately 
after the try-block. The keyword catch can also occur immediately after another catch, Each 
handier will only evaluate an exception that matches, or can be converted to the type specified in its 
argument list. Every exception thrown by the program must be caught and processed by the exception 
handler If the program fails to provide an exception handler for a thrown exception, the program will call 
the terminate () function. 

Exception handlers are evaluated in the order they are encountered. An exception is said to be 
caught when its type matches the type in the catch statement. Once a type match is made, program 
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control is transferred to the handler. The handler specifics what actions should be taken to deal with the 
program anomaly. The stack-unwinding (catch* clean up) operation is initiated immediately after pro- 
cessing the catch block that matches with the exception type. In normal sequence (no exceptions are 
raised) stack-unwinding is performed immediately after the try-block and program execution continues. 
\ A goto statement can he used to transfer program control out of a handler but such a statement can 
never be used to enter a handler) After the handler has been executed, the program continues its 
execution from the point after the last handler for the current try -block and no other handlers are 
evaluated for the current exception. 



throw Construe! 

The keyword throw is used to raise an exception when an error is generated in the computation. The 
throw -expression initializes a temporary object of the lypeTfto match the type of argument arg) used 
in throw [T arg) , The syntax of the throw construct is shown in Figure 19.2. 



Named objecfnameless object. 
Ke y wc ) rd or de fau It, not hi ng 






throw Tj 



Figure 19,2: Syntax of throw construct 



catch Construct 

The exception handler is indicated by the catch keyword, It must be used immediately after the 
statements marked by the try keyword The catch handler can also occur immediately after another 
catch* Each handler will only evaluate an exception that matches, or can be converted to the type 
specified in its argument list. The syntax of the catch construct is shown in Figure 1 9.3- 



Keyword 



object name, or nameless object 
(same as throw argument) 



catch | T ) 

{ 

f / actions for handling an exception 

} 



Figure 1 9,3: Syntax of catch construct 



try Construct 

The try keyword defines a boundary within which an exception can occur. A block of code in which an 
exception can occur must be prefixed by the keyword try. Following the try keyword is a block of 
code enclosed by braces. This indicates that the program is prepared to test for the existence of 
exceptions. If an exception occurs, the program flow is interrupted. The syntax of the try construct is 
shown in Figure 19 A 
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Keyword 



try 

{ 

// code raising exception or referring to 
//a function raising exception 

) 

catch ( type_idi } 

{ 

// actions for handling an exception 

} 



catch { type_idn ) 

{ 

// action for handling an execption 

} 



Figure 19*4: Syntax of try eonstruot 

A block of code in which an exception can occur must be prefixed by the keyword try. The t ry 
keyword is followed by a block of code enclosed within braces, ft indicates that the program is prepared 
for testing the existence of exceptions. If an exception occurs* the program flow is interrupted and the 
exception handler is invoked. 

The mechanism suggests that error handling code must perform the following tasks. 

1 , Detect the problem causing exception (Hit the exception) 

2, Inform that an error has occurred (Throw the exception) 

3, Receive the error information (Catch the exception) 

4* Take corrective actions (Handle the exceptions) 

Exception handling code resembles the following pattern: 

my_ function ( ) 

C 



i f ( opera t ion_f ai 1 > 

throw Object! i // throw-point 



) 

try 

{ // begin of try block 

my_f unc t ion O j ff 1 the function my_function 
i £ < overflow } 

throw Obj ect2 ; if throw-point 



| / / end of try block 
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int main I ) 

{ 

number numl , num2 ; 
int result; 

tout « "Enter Humber 1; * ; 
numl . reed { ) 3 

tout << "Enter Humber 2 : "# 
num2 . read { ) | 

// Statements must be enclosed in try block if you intend to handle 
// exceptions raised by them 
try 
{ 

cout << "trying division operation . . . ■ 1 
result = numl , div { ntmt2 ) ; 
cout << "succeeded" « endl ; 

} 

catch { number: : DIVIDE ! f ( exception handler block 

{ 

if actions taken in response to exception 
, cout << "failed" « endl; 

cout « "Exception: Divide-By-Zero * j 
return 1; 

} 

//no exceptions, display result 
cout << *numl/mim2 » ■ « result; 
return Of 
I 

Baal 

Enter Humber li IQ 
Enter Humber 2 ; g 

trying division operation, * .succeeded 
numl/num2 « 5 

Run2 

Enter Humber 1: 1.0 

Enter Humber 2 : fi 

trying division operation, . , failed 

Exception: Divide -By- Zero 

In main { J , the try- block 
try 

( . * . ; result = numl. div { mun2 ); *«.; > 
invokes the member function div { ) to perform the division operation. If any attempt is made to divide 
by zero, the following statement in div f } : 

iff num2,num == 0 ) if check for zero division if yes 
throw DIVIDE f); // raise exception 

detects the same and raises the exception by passing a nameless object of type class divide. All the 
statements following the one which raised the exception are skipped (see output of Run2 above) and 
search for an exception handler begins. The runtime system searches catch-block to detect the handler 
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The block of code in main ( J following the try-block: 
catch ( number: : DIVIDE I 
1 

cout « "Exception: Divide-By-Zero ■ ? 
return 1; 

1 

will catch the exception raised due to the call to the function in the try-block and executes its body (see 
Figure 19.5} + If no exception is raised, the exception handling catch-block will not be executed and 
execution proceeds to the next statement, which displays the result. 



Instance of the class number 




Array Reference Out of Sound 

The program arr bound . epp illustrates the mechanism of validating array element references, If any 
attempt is made to refer to an element whose index is beyond the array size, an exception is raised. 

// arrbound.cpp: Array Reference Bound Validation 
•include <iostream.h> 

const int ARR_SIZE * 10f / / maxi mum array sire 

class array 
i 

private: 

int arr [ARR_SIZE] ; 
public : 

Class RANGE { ) ; / / Range abstract class 

int & operator!] ( int i I 

< 

if ( i < 0 || i >■ ARR„SIZE 1 

throw RANGE U | // throw abstract object 
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return arr[IJ; // valid reference 



} : 

void mainO 

C 

array a; // create array 

cout « "Maximum array site allowed = " « ARR_SI£E << endl; 
try 

t 

tout « M Trying to refer a [ 1 ] ...'i 
all] = 10; 

cout « "succeeded" « endli 
cout <-< “Trying to refer a f 1 5 ) T _ , ■ ; 

a [ 15 J * 10? if refer 15th element from array a, causes exception 
cout << “succeeded" << endl; 

} 

catch ( array: : RANGE ) if true if throw is executed in try scope 
{ 

// action for exception 

cout « "Out of Range in Array Reference"; 

} 

} 

3m 

Maximum array size allowed * 10 
Trying to refer a[lj , . .succeeded 

Trying to refer a[15J . , .Out of Range in Array Reference 

The statement in try-block of main ( ) : 
a [11 10 j 

updates the first element of the array. However, another statement 
a [ 15] - 10; 

in the same block, tries to update the fifteenth element. It leads to an exception since the array si/e is 
only 10, This exception is caught by the statement 

catch ( array: : RANGE ) 

vhich issues a warning message on the standard output. 

1 9.5 Handler Throwing the Same Exception Agai n 

There are several good reasons to allow an exception to be implicitly propagated from a function (called 
to its caller. Of course, it follows the democracy principle: a client (caller) is the better candidate to 
decide what actions are to be taken when something goes wrong. If a function does not want to take any 
corrective action in response to an exception, it can pass the same to the caller of a function. The 
throw construct without an explicit exception parameter raises the previous exception. An exception 
must currently exist otherwise, terminate { ) is invoked. The program pass . epp illustrates the 
method of passing the same exception to the caller if the current handler is unable to handle it. 
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// pas&.epp? passing all exceptions that occur in parent to child 
f include <iostreanwh» 

# include <proces$ + h> 

const int AKR„S1Z! = 10? // maximum array sire 

class array 

I 

private: 

int arr [ ARR_SIZE] ; 
public: 

array ( J ; 

class RANGE (}? // Range abstract class 

int & operator [ ) { int i 5 

{ 

if { i < Q || i >= ARR_SIZE ) 

throw RANGE O; // throw abstract object 
return arrti]? // valid reference 

} 

I ; 

array: : array { ) 

{ 

for( int i = 0 ? i < ARR_SXZE? i++ ) 
arr [ i ] - i ; 

} 

// read an element from the array, if any exception pass the same to caller 
int read{ array L a, int index } 

{ 

int element; 
try 
{ 

element = a[ index 1; 

} 

catch C array : . RANGE ) // catch the exceptions raised in class 

( 

cout « endl« " Parent passing exception to child to handle “«endl; 
throw; // pass all exceptions to the caller 

> 

return element ; 

} 

void main ( } 

{ 

array a; // create array object 
int index t e 1 ement j 

cout << "Maximum vector size allowed = ■ << AKR^SIZR << endl ; 

-hile{ 1 ) 

t 

cout << "Enter element to referenced: “ ; 
cin >> index; 
try 
{ 

cout << "Trying to access object array 1 a * for index = "«index; 
element = readfc a p index ) ; 



Copyrighted material 




Chapter 19: Exception Handling 



713 



cout « end! « “Element in Array = * « element « endl ; 

) 

catch | array: : RANGE ) // true if throw is executed in try scope 
( 

// action for exception 

cout « “Child: Out of Range in Array Reference * ; 
exit ( 1 ) ; 

3 

) 

} 

Run 

Maximum vector size allowed = 10 

Enter element to referenced: 1 

Trying to access object array 'a' for index = 1 

Element in Array = 1 

Enter element to referenced: 5, 

Trying to access object array l a ' for index = 5 

Element in Array = 5 

Enter element to referenced: 10 

Trying to access object array ' a ? for index = 10 
Parent passing exception to child to handle 
Child: Out of Range in Array Reference 

Hie catch-block in the function read ( ) does not take any corrective action for the exception 
array: : RANGE. It throws the exception to the caller and the catch- block in mainQ terminates the 
program after displaying the message: 

Child: Out of Range in Array Reference 
on the standard output device. 

19.6 List of Exceptions 

Raising or catching an except^ affects the way a function relates to other functions. C++ language 
makes it possible for the user to specify a list of exceptions that a function can throw. This exception 
specification can be used as a suffix to the function declaration specifying the list of exceptions that a 
function may directly or indirectly throw as a part of a function declaration. The syntax for exception 
specification is shown in Figure 1 9*6. 




FunctionSpecif ication throw {type idl, type id2 P . , » * } 

{ 

// Function body raising exceptions if error occurs 

) 

Figure 19.6: Syntax of specifying a list of exceptions 
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The exception- list, which is the function suffix is not considered to he a part of the specification of 
a function. Consequently, a pointer to a function is not affected by the function's exception specifica- 
tion. Such a pointer checks only the function's return value and argument types. Therefore, the follow- 
ing is legal: 

void fl(void) throw £ ) ; // cannot throw exceptions 

void f 2 (void) throw (BETA) ; // can throw BETA objects 

int fun." r ■ ’"hi ow ( X* ¥ ) / / can throw only X and Y exceptions 



C++ allows 10 have pointers to a function raising exception* for instance* 

void {* fptrl ||? / / Pointer to a function returning void 

fptr - fli 
fptr = f 2 ; 

However, extreme care should be taken when overriding virtual functions; the exception specification is 
not considered as a part of the function type* it is possible to violate the program design. If an exception 
which is not listed in the exception specification is Thrown, the function unexpected ( ) will be called 
(discussed later in this chapter). 

In the following example, ihe derived class BETA; : vfunc is defined so that it should not throw 
any exceptions — a departure from the original function declaration. 

class ALPHA 
{ 

public ; 

Struct AL PHASER R { } | 

virtual void vf unc (void) throw £ALPHA_ERR) { } ; 

// Exception specif i cat ion 
It 

Class BETA : public ALPHA 
{ 

void vf unc (void) throw t) { K* // Exception specification is changed 

}; 

The following are examples of functions with exception specifications. 

void flO? / / The function can throw any exception 

void f 2 {) throwU ; // Should not throw any exceptions 

void f 3 O throw ( A , B* J j // Can throw exceptions publicly derived 

/ / from A, or a pointer to publicly derived B 

Raising an Unspecified Exception 

The definition and all declarations of such a function must have an exception specification containing 
the same set of type- ids. If a function throws an exception noi listed in its specification, the program will 
call the function unexpected £ ) . This is a runtime issue and it will not be flagged at compile time. 
Therefore* care must be taken to handle any exception which can be thrown by statements/functions 
invoked within a function. 

void iny_£unclO throw (A, B) 

{ 

/ i Body of function. 

} 
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This example specifies a list of exceptions that my_funcl ( ) can throw, No other exception i will 
propagate out of ny_funel, If an exception other than A or B is generated within ray_funcl t it is 
considered to be an unexpected exception and program control will be transferred to the predefined 
unexpected function. The program signl . cpp illustrates raising of an exception other Lh an that 
specified in the exception list,, 

// signl P&pp: determine whether the input is + ve or -ve through exceptions 

# include <iostream + h> 

class positive {}; 

class negative (}; 

class zero { } ; 

// this function can raise only positive and negative exceptions 
void what_sign f int num. } thrown positive, negative | 

{ 

if l num > 0 J 

throw positive!}; 
else 

if ( num < 0 ) 

throw negative!)# 
else 

throw zeroU; // unspecified exception 

} 

void main! ) 

{ 

int num,' 

COUt << “Enter any number: ■; 

C in >> mint; 
try 
( 

what_sign( num } ; 

) 

catch{ positive ) 
t cout << "+ve Exception” ; > 

catch ( negative ) 

{ cout << * -ve Exception” ; } 

catch! zero ) 

{ cout « "0 Exception"; } 

} 

Bum 

Enter any number: 2JX 
+ve Exception 

Won2 

Enter any number : -10 
-ve Exception 

Bun3 

Enter any number : Jl 
Abnormal program termination 
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The prototype of the function what_sign(} is specified as 

void what_sign i int num > throw? positive, negative > 

It indicates that, this function can raise exceptions positive and negative* hut the statement 
throw zero O ; // unspecified exception 

raises the exception zero, which is not in the exception list of this function. It calls the default excep- 
tion handler, which aborts the execution of the program (see Run3) although diere exists an explicit 
exception handler in the caller of this function. 

Exceptions in a No-Exception Function 

The following function and exception specification indicates that it will not generate any exception: 
void my_f unc2 { } throw { } 

t 

// Body of this function. 

) 

If any statement in the body of my_f unc2 ( ) thro ws an exception, die control is transferred to library 
function abort ( ) , which terminates the program by issuing an error message. Tie program sign2 . cpp 
illustrates the effect of raising an exception in a function which is not supposed to raise any exception. 

// Sign2 -Cpp: determine whether the input is positive or negative 
♦include <io£ tream . h> 
class zero { } ■ 

// this function cannot raise exception 
void what_s ign ( int num J throw?} 

{ 

i f ( num > 0 ) 

cout << "+ve number - ; 
else 

if ( num < 0 } 

cout <c '-ve number*; 
else 

throw zero{) ; // unspecified exception 

) 

void main?} 

( 

int num; 

cout « * Enter any number; * ; 
cin » num; 
try 
{ 

what_sign f num } ; 

} 

catch { zero 1 

{ cout << *0 Exception*; } 

} 

Bum 

Enter any number: U 1 
+ve number 
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The prototype of the function what_sign ( ) : 
void what_sign( int num ) throwO 
indicates that it does not raise any exception, but the statement 
throw zero ( ) 3 / / unspecified exception 

raises the exception. It invokes the default exception handler which aborts the execution of the program 
(see Run3 ) though there exists an explicit exception handler in the caller of this function. 

19.7 Catch All Exceptions 

C++ supports a feature to catch all the exceptions raised in the try-block. The syntax of the catch 
construct to handle all the exceptions raised in the try block is shown in Figure 19.7. 




// actions for- handling an exception 

Figure 19.7: Syntax of catch all construct 



The three dots in the catch ( . . . ) indicates that it catches all types of exceptions raised :n its 
preceding try-block. The program catalll . epp illustrates the mechanism of handling all the excep- 
tions raised by a single handler. 

// catalll .cpp: A1 1 exceptions are caught 




cout « "Throwing uncaught exception" << endl ; 
-throw excep2 ( ) ; 



cout << "Caught all exceptions" << endl.- 
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} 

couc « "I am displayed * j 

1 

Run 

Throwing uncaught exception 
Caught all exceptions 
I am displayed 

Hie statement in the try- block of main ( ) : 
throw excep2 { } ; 

raises the exception excep2 U * It is caught by the statement, 
catch! , ) // catch all the exceptions 

The program having multiple catch-all exceptions is illustrated in catall2 . cpp, It has multiple 
functions calling one another. 

// catall2.cpp: making exception-specifications and handle all exceptions 
# include <iostream,h> 

class ALPHA! ) ; U Exception declaration 
ALPHA „a; // object of ALPHA 

void f 3 [void! throw [ALPHA) 

C 

// Will throw only type -alpha objects 

cout « "£3 0 was called" « endl; 

throw { _a ) ; // throw exception explicit object 

1 

void f2 (void) throw! ) 

{ 

// should not throw exceptions 
try 

( // wrap all code in a try-block 

cout « * f 2 { } was called* << endl; 

OO; 

> 

catch { * . , ) 

{ // trap all exceptions 

cout « "f2() has elements with exceptions 1“ « endl; 

) 

1 

int main!) 

{ 

try 

C 

£2 0 ? 

return 0; // £2 succeeds, terminate 

> 

catch ( , , , ) 

t 

cout << "Need more handlers'"; 

’i 
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public : 

class SIZE O; // Size abstract class 
class RANGE O 7 // Range .abstract class 

array! int SizeRequest ) It constructor 
{ 

if! SizeRequest < 0 [ | SizeRequest > ARR_SIZE ) 
throw SIZE!); 

// allocate resources 
size = SizeRequest; 
arr - new int ( size J ; 

) 

-array!) // destructor 
l 

// deallocate resources 
delete arr; 

) 

int & operator {] t int i ) // subscript operator overloading 

C 

i f { % < 0 || i > s i ze ) 

throw RANGE!); // throw abstract object 
retufm arrlil; // valid reference 

1 

}; 

void mainO 
{ 

cout « "Maximum array size allowed ■ * « ARR„SISE « endl ; 
try 
( 

cout « "Trying to create object al[5K. . "j 

array alt 5); // create array 

cout « "succeeded* « endl; 

cout « “Trying to refer al[5] ♦ ♦ . 

alES] ^ 10; 

cout « "succeeded,,*; 
cout << ^alfS) = * « altS] « endl; 
cout « "Trying to refer al E15] . ■ i 

al [15] = 10; // causes exception 

cout « * succeeded* « endl ; 

) 

catch! array:: SIZE } 

£ 

/ / action for exception 

cout « "..Size exceeds allowable Limit" « endl; 

) 

catch! array: : RANGE ) // true if throw is executed in try scope 
{ 

// action for exception 

cout << ", .Array Reference Out of Range* « endl; 
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cout <* endl <* "continued after handling exceptions' 1 ? 
return 1; 

} 

Rub 

f 2{) was called 
£30 was called 

f20 has elements with exceptions! 

In £3 { ) , the statement 

throwt „a >; if throw exception explicit object 
throws the exception using named object „a. which is the instance of the classALPHA. It is caught by 
the handler in the caller function f 2 0 ■ There is a handler to catch all exceptions in main ( ) „ but is not 
activated; all the exceptions are caught in f 2 £ } and no exceptions are passed to its caller. 

19.8 Exceptions in Constructors and Destructors 

When an exception is thrown, the copy constructor is invoked as a part of the exception handling, The 
copy constructor is used to initialize a temporary object at the throw point, Other copies may be 
generated by the program. When the program flow is interrupted by in exception, destructors are 
invoked for all automatic objects which were constructed front the entry point of the try-block. If the 
exception was thrown during construction of some object, destructors will be called only for those 
objects which were fully constructed. For example, if an array of objects was under construction when 
an exception was thrown, destructors will be called only for the array elements which were fully con- 
structed, 

As a building block of design patterns for proper handling of exceptions, there is a need for secure 
operations that a!Iow r transfer of resource responsibilities without throwing exceptions. In C++, it is a 
bad idea to leave a destructor by throwing an exception. This is because a destructor may be invoked 
during runtime stack unwinding when another exception was thrown; a second throw that aborts one of 
these destructors will immediately invoke terminate C } . which aborts the program by default. In 
other words, all destructors in a C++ program should have an empty specification throw { ) . This is 
called secure operations. 

Those objects which are created from a try-block to any statement raising an exception serve no 
purpose if any exception is raised. Hence, they must be destroyed by releasing the allocated resources. 
The process of calling destructor for automatic objects constructed on the path from a try-block to a 
thrown expression is called smek unwinding . The program twoexcep . epp illustrates the concept of 
having multiple types of exceptions in a program, 

// twoexcep.cpp: Array Creation and Reference Bound Validation 
t inc lude < i os t ream . h> 

const int ARR_SX2E = 10 ; // maximum array size, that can be allocated 

class array 
{ 

private ; 

int *arr? // pointer to array 

int size? // maximum array size 
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// Array creation unsuccessful. Request: > arr_size 
try 

array a2 (15) ; // create array, causes exception 

cout << ’succeeded* <•< endl ; 
a2 [ 3 ] >3; // valid access 

> 

catch ( array:: SIZE ) 

{ 

// action for exception 

cout « "....Size exceeds allowable Limit” << endl; 

> 

catch ( array: : RANGE > // true if throw is executed in try scope 

t 

// action for exception 

cout << ”... .Array Reference Out of Range” « endl ; 



Run 

Trying to create object al ( 5 ) . . .succeeded 
Trying to refer al [ 5 ] . . .succeeded. . al (53 «• 10 

Trying to refer al [ 15 ] Array Reference Out of Range 

Trying to create object a2 (15) Size exceeds allowable Limit 

The one-argument constructor of the class array, 

array ( int SizeRequest ) // constructor 

throws an exception, 

if an attempt is made to create an array beyond the allowable range. The statement 

throw RANGE () ? // throw abstract object 

throws an exception if an attempt is made to access an array element by using invalid index (lower than 
minimum bound or higher than the maximum bound). 

19.9 Handling Uncaught Exceptions 

The uncaught exception handling mechanism relies on two library functions, terminate ( ) and 
unexcected < > , for coping with exceptions unhandled explicitly. C++ supports the following special 
functions to handle uncaught exceptions in a systematic manner: 



terminate ( ) 

The function terminate ( > is invoked when an exception is raised and the handler is not found. The 






722 



Mastering C++ 



default action for terminate is to invoke abort { ) . Such a default action causes immediate termina- 
tion of the program execution. The program unc aught . cpp illustrates the series of events that can 
occur when the program encounters an exception for which no handler can be found, 

// uneaughtcpp; Uncaught exception invokes abort O automatically 

finclude <ioatream.h> 

class excepl { } ; 

class excep2 { ) ; 

void main { } 

{ 

try 

{ 

cout << "Throwing uncaught exception" << endli 
throw excep2 ( } t 

) 

catch ( excepl } // true if throw excepl is executed in try scope 

c 

// action for exception 
cout << "Exception 1%* 

} 

// ex cep 2 is not caught hence, program aborts 
// here without proceeding further 
cout « "I am not displayed" / 

) 

Bun 

Throwing uncaught exception 
Abnormal program termination 

The statement in main { ) *s try-block: 
throw excep2 ( } ? 

raises an exception «xc@p2 for which no handler exists. Here, terminate ( ) comes to rescue this 
condition. When terminate ( ) function is called* the program aborts by displaying the message. 
Abnormal program termination 
and does not proceed further. 

The programmer can modify the way the program will terminate when an exception is generated. The 
terminate ( } function can call user defined function instead of abort { ) if the user defined func- 
tion is registered with s e t_terminate { ) function, 

■ »fc_termina>£* < } 

The se exterminate function allows the user to install a function that defines the program's actions 
to be taken to terminate the program when a handler for the exception cannot be found* The actions arc 
defined in t Juno* which is declared to be a function of type terminat ©Junction, A termi- 
nate Junction type defined in except * h* is a function that takes no arguments, and returns nothing. 
By default, an exception for which no handler can be found results in the program calling the t mtmi - 
nets function. This will normally result in a call to abort function. The program then ends with the 
message* Abnormal program termination. If some function other than abort { ) is to be invoked by 
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In main ( ) * the statement 

s exterminate { ISyTeminate S ; 

sets the function MyTerminate as a termination function to he invoked when there exists no excep- 
tion handler for the exception raised. The statement in the try- block , 
throw excap 2 t ) ; 

raises the exception exc*p2 r which is uncaught. The system automatically invokes the function 
MyTerminate as a part of unhandled exceptions, 

unexpected ( ) 

The unexpected function is called when a function throws an exception not listed in its exception 
specification. The program calls unexpected ( 1 which calls any user-defined function registered by 
set_unexpected. If no function is registered with set_unexpected, the unexpected!) 
function then invokes the terminate ( ) function, The prototype of the unexpected { ) call is 
void unexpected?) i 

The function unexpected returns nothing (void) but it cm throw an exception through the execu- 
tion of a function registered by the set_unexpeeted function, 

/ / slgn3.cpp: unexpected exceptions 
♦include <Io-stream,h> 

♦ include <process *h> // has prototype for exitO 
♦include < except, h> 
class zero {} ; 

// this function cannot raise exception 
void what«_sign( int num ) thrown 
t 

if! num > 0 ) 

cout « *tvi number* ? 
else 

if ( num < 0 ) 

cout « “-ve number"* 
else 

throw zero-0 i // unspecified exception 

} 

void main! ) 
l 

int num; 

cout << "Enter any number i "t 
cin >> nuwu 
try 
{ 

what_aign ( num 5 t 

} 

catch ( * „ . ) 

{ 

cout « "catch al 1 exc ep t i one ■ j 

} 

cout << endl « "end of m&int)"; 

} 
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Runl 

Enter any number : 1£ 

+ve number 
end of mein ( ) 

Run2 

Enter any number: -.3. 

-ve number 
end of main C > 

8un3 

Enter any number: Q. 

Abnormal program termination 

The function 

void what m sign( int num ) throw () 
raises an unspecified exception 

throw zero ( ) ; // unspecified exception 

leading to the invocation of the unexpected ( ) function automatically (see Run3). 

set„unexpected ( ) 

The function set„unexpected{ ) lets the user to install a function that defines the program’s 
actions to be taken when a function throws an exception not listed in its exception specification. The 
actions are defined in unexpected func { ) library function. By default an unexpected exception 
causes unexpected ( } to be called, which in turn calls unexpectecL,£unc> 

Program behavior when a function is registered with set_unexpected{ > : 

// Define your unexpected handler 
imexpected_f unction my_unexpected ( void ) 

{ 

// Define actions to take 
// possibly make adjustments 

} 

// register your handler 
se ^unexpected ( my_unexpected )j 

The program sign4 . cpp illustrates the mechanism of defining the user defined unexpected ex- 
ception handler. The user defined unexpeeted_£unc must not return to its caller. An attempt to 
return to the caller results in an undefined program behavior. The unexpected_£unc ( ) can invoke 
abort ( ) , exit (},or terminate ( ) functions. 

// sign4,cpp: unexpected exceptions through user-defined function 
# include <iostream. h> 

# include <process . h> // has prototype for exit ( ) 

# include < except . h> 

class zero (h // empty class 

// this function cannot raise exception 



Copyrighted material 




726 



l/lasterfng C++ 



void whnt_sign( int num ) thrown 

{ 

if t num > 0 ) 

cout << ■ +ve number'; 
else 

if | mini < 0 J 

cout << "-ve number*; 
else 

throw zero!); // unspecified exception 

! 

// this is automatically called whenever on unexpected exception occurs 
void MyUnexpected ( ) 

C 

cout << "My unexpected handler is invoked"; 
exit I 1 ) ; 

} 

void main { ) 

{ 

int num; 

cout « "Enter any numbers " ; 
cin >> num; 

set_unexpected £ MyUnexpected )# t / us^r defined handler 
try 
( 

what_sign( num 

) 

catch!,..) // catch all exceptions 

{ 

cout « "catch all exceptions"; 

} 

cout << endl « "end of main(}"? 

) 

Bunl 

Enter any number; IQ 
+ve number 
end of main { ) 

Byn2 

Enter any number : z2. 

-ve number 
end of main ( ) 

Bun3 

Enter any number: H 
My unexpected handler is invoked 

The function what_sign [ } raises an unspecified exception, 
throw £ero(); // unspecified exception 

leading to the invocation of the user defined MyUnexpected {) automatically (see Run3). 
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Mtm2: Invalid vector reference, exception generated 
Run 3 : Invalid size for vector creation, exception generated 
In Run2 t an attempt is made to refer to the 1 1 th element (but index is 10) of the vector whose size is 10, 
It raises an exception, which is caught by the statement, 

Catch ( vector : s RANGE | 

In Runs* an attempt is made to create the vector of size 15, but the allowable limit is 10 as restricted by 
the value of VEC_SIZE constant. The statement 
catch ( vector* ‘SIZE } 

catches the exception raised while creating objects of the vector class, 

1 9.1 1 Exceptions in Inheritance Tree 

The mechanism of handling exceptions in the base and derived classes is illustrated in virtual . cpp. 

f / virtualXpp; Binding a pointer to base class' object to base or derived 
// objects at runtime and invoking respective members if they are virtual 
f include <iostreawuh> 

# include <process.h> 

// empty class for Father and Son inheritance 
class WRGHG_AGE 

U? 

class Father 
( 

protected : 
int f„age; 
public : 

Father [ int n ) 

I 

ICC n < 0 ) 

throw WRONG_AGE ( ) ; 
f_age = n; 

) 

virtual int GetAge < void) 

( 

return f _age ; 

) 

>r 

/ / Son inherits all the properties of father 
class Son : public Father 
( 

protected: 
int s_age; 
public : 

Son ( int n, int m ); Father (n) 

{ 

// if son's age is greater or equal to father, throw exception 
if ( m »- n ) 

throw ™ONG_AGEO ; 
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Enter Age of Son: ££ 

Error: Father age cannot be less than son age! II 

Run3 

Enter Age of Father: -2 
Error: Father's Age is < 0 

The first try-block in the main { } will check for the validity of the fathers age. As in Rutt3* if the 
fathers’ age is less than the zero, the exception wfong_age is raised. 

The second try -block in the main (1 will check for the validity of son's age in accordance with 
father’s age. As in Rut t2, if son’s age is greater than the age of father, the exception wrong_age is 
raised. 

1 9.1 2 Exceptions in Class Templates 

The program matrix *cpp illustrates exception handling mechanism along with other features of 
OOPs such as class templates, operator overloading including friend functions, binary operators, as- 
sign men t through object copy, etc. The specification of the template class matrix with exceptions is 
similar to that without exceptions, but, errors are handled using exceptions instead of returning an error 
code as a function return value. 

/ / matrixxpp; Matrix manipulation class template and exception handling 
# include <iostream.h> 

# include <process . h> 
const int TRUE = 1: 
const int FALSE = 0; 

// empty class for matrix exception 
class MatError 
{) ; 

/ / template matrix class 
template <class T> 
class matrix 
t 

private: 

int MaxRow; // number of rows 

int MaxCol ; // number of columns 

T MatPtrfS] [5] ; // if T is int, int MatrPtr[5] [51; 

public : 
matrix U 
I 

MaxRow st 0 ; MaxCol = 0; 

) 

matrix: imatrix* int row, int col } 

{ 

MaxRow = row; 

MaxCol * col; 

) 

friend is tr earn & operator » £ istream &. cin, matrix <T> &dm J * 
friend ostream & operator « { ostream & cout, matrix <T> tsm ) y 
matrix <T> operator + ( matrix <T> b 1 ; 
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for| i - 0? i < MaxRow; i++ ) 
f 

fort j = 0; j < MaxCol? j + + ) 

i ft MatPtrfi] [ jl b.MatPtr[i) I j] ) 

return ( FALSE ) ; 

} 

return ( TRUE } ; 

} 

// function invoked when statement of typo matrix a = matrix b is used 
template <class T> 

void matrix<T> :: operator * { matrix <T> b J 

{ 

int i , j ; 

MaxRow = b. MaxRow; 

MaxCol = b. MaxCol; 
forC i - 0; i < MaxRow? i++ } 
for( j - 0? j < MaxCol ; j++ ] 

MatFtr[ijfj] s b.MatPtr [ i ] | j ] j 

) 

template <class T> 

istream & operator » ( istream & cin, matrix <T> kdm J 

{ 

int i , j j 

cout « m How many rows ? ■ ; 
cin » dm. MaxRow? 
cout « “How many columns ? “ ; 
cin » dm .MaxCol; 
for ( i = 0; i < dm, MaxRow? i++ } 
fort j = 0? j < dm + MaxCol ; j + + ) 

{ 

cout << "Matrix [" << i « ", 1 « j << "] = ? " ; 
cin » dm*MatPtr [iH j I ; 

} 

return f cin ) ; 

) 

template <class T> 

ostream ^operator << ( os t ream & cout, matrix <T> &sm J 

I 

int i, j; 

for { i = 0j i < sm. MaxRow? i++ ) 

{ 

cout << end 1 ; 

fort j E 0? j < sm. MaxCol i j++ ) 
cout « sm.MatFtr [ il f j 1 << F H ; 

} 

return ( cout > ; 

) 

void main ( ) 

{ 

matrix <int> a? // to store float elements 

matrix <int> b; // matrix <£lut> a? matrix <float> b; 
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cout « "Enter Matrix A details. . . * << end! ; 
cin >> a? 

cout « “Enter Matrix E details. . . ’ << endl; 
cin >> br 

COUt << "Matrix A is . . * * ; 
cout << a << endl ; 
cout « "Matrix B is . « . " ? 
cout << br 
matrix <int> c; 

try 

C 

c « a + br 

cout « endl .<< -c = A + R, . 
cout « c; 

} 

catch { Mat-Error ) 

t 

& 

cout << end! « "Error: Invalid matrix order for addition" : 

} 

matrix <int> d ? 
try 

{ 

d = a - b; 

COUt « endl « "D = A - E, . . 
cout << d; 

1 

catch ( Matlrror ) 

C 

cout « endl << "Error: Invalid matrix order for subtraction" j 

1 

matrix <int> e ( 3 , 3 } j 
try 

c 

e = a * b ; 

cout « endl « "E = A * -B. ■ . * ; 
cout << e; 

} 

catch ( MatError ) 

t 

cout « endl « "Error: Invalid matrix order for multiplication"; 

) 

cout « endl « " (is matrix A equal to matrix BJ ? * ? 
if( a == b ) 

COUt << "Yes"; 
else 

cout << "No"; 

} 

Fun 

Fnter Matrix A details - , * 

How many rows ? 1 
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In fault tolerance, once the error has been detected, the next goal is error recovery. The erroneous 
state must be replaced by an acceptable valid slate from which processing may proceed. Forward error 
recovery attempts to identify any damage to the system state and to repair it in some way, so that failure 
may be avoided. It simply restores previously saved values of the system stale and proceeds from 
there, possibly using a different program than the one that led to the error. Backward error recovery can 
be used with unanticipated faults and unlike forward error recovery, it can be used to recover from 
design faults. Figure 19 J, demonstrates the model of a recovery block and its requirements. 

The simplest structure of the recovery block is: 

Ensure T 
By P 
Else 
By Q 
Else 

Error 

where T is the acceptance-test condition that is expected to be met by successful execution of either 
primary routine P or the alternate routine Q. The structure is easily expanded to accommodate several 
altemativesQl, Q2, ..,Qn. 




Figure 19.8: Recovery block programming model 
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Run2 

How many bytes to be allocate: 10000 
Could not allocate. Bye , * * 

A request for allocation of 0 bytes returns a non -null pointer. Repeated requests for zero-size 
allocations return distinct, non-null pointers. The program new2 . epp illustrates the handling of ex- 
ceptions while allocating memory for matrix. 

// new2.Cpp: Allocate a two-dimensional space, initialize, and delete it. 

♦ include <exeept.h> 

# inc 1 ude < i o a tr earn . h> 

void display ( long **data, int n, int n 
void deallocates long **data, int m > ; 
long main (void) 

{ 

int m, nj // m rows and n columns 
long **dataf 

cout « "Enter rows and columns count: 

cin » m » n; 

try 

{ // Test for exceptions 

data w- new long * [tti ] ; if Step 1 : set up the rows, 

for (int j * Of j < m; J++) 

data[ j ] = new Xong[n] ; // Step 2: Set up the columns 

1 

catch ( xalloc ) 

{ // Enter this block only if xalloc is thrown * 

// Other actions could be requested before terminating 
cout << “Could not allocate. Bye . , . “ ; 
exit (1) ? 

1 

£or( long i = 0; i < m; i++) 
for (long j = Of j < n; j++) 

data [i HU = i + j; // Arbitrary initialization 

display C data, m, n ) ; 
de_al locate S data, m }; 
return Of 

) 

void display ( long **data# int m, int n 3 
( 

f or [ int i ■ 0; i < m# i++ ) 

£ 

£or( int j * Of j < n; j++ i 
cout « data[i][jl « m m i 
cout « endlf 

) 

} 

void deallocate* long **data, int ml 

C 

for { int i » 0; i < m; i** ) 

delete [1 dataEi] ? // Step 1. Delete the columns 

delete [3 datai // Step 2: Delete the rows 
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Bual 

Enter rows and columns count : 2 4 
112 2 
12 2 1 
2 2 12 

Run2 

Enter rows and columns count : MO 201 
Could not allocate. Bye . .. 

19.16 Ten Rules for Handling Exceptions Successfully 

The amount of modification required to fully exploit the feature of exception handling in existing soft- 
ware is high. Experts point out ... If you want to design your own exceptions and integrate them into 
preexisting classes, first understand the engineering effort — not only throwing exceptions but to 
handle them as well Many experts are concerned that exceptions will lull programmers into a false 
sense of security, believing that their code is handling errors, while in reality the exceptions are com- 
pounding more errors and hindering the software development. Implementing a leal class such that it is 
exception safe can be challenging; sometimes it is not feasible. 

In general, the use of exception handling is complicated by the interaction of C++ language features 
with certain C/C++ idioms, as well as toe demanding robustness requirements expected of exception- 
safe. For instance, the combination of exception handling, templates, dynamic memory, and destructors 
make expressions containing multiple side-effects difficult to program robustly. For instance, consider 
the following simple C++ pseudocode function: 
template <claas T> 
void SomeC lass: : add { parameters ) 
t 

element_array[ e 1 emen t_numbe r + + j = T{ parameters ) j 

// ... 

1 

which uses a standard C/C++ idiom (auto incrementing) for adding a new element into an array. How- 
ever, both the (unknown) constructors of T and its assignment operator might potentially throw excep- 
tions, In both toe cases, it is unclear whether e 1 eme n t .number will be incremented or not. More- 
over, toe array element being assigned to, will also be in an uncertain state, which might even cause toe 
destructor of toe class SomeClass to fail! 

Resources 

The most vexing problems of exception handling arise from improper resource management It leads to 
unrelease or double-release of resources. Here, toe central concept of a resource is something that 
provides functionality. In many cases, a resource is equivalent to a data structure* However, a data 
structure is considered as a resource if it lives beyond a single operation* This constraint implies that 
resources have an internal state. This state is identified by all toe resource's data values, which may be 
modified by operations on toe resource* Often, a resource corresponds to one or more components in 
a subsystem such as a search table or a database. Smaller entities can also be considered as resources 
such as single elements of a search table or records in a database. Likewise, large systems such as a all- 
user processes in an operating system or a network of computers can be viewed as resources* 
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An important operation on a resource is releasing it, i.e., changing the state of a program in such a 
way that this resource is no longer active. In C++, this release is usually accomplished by a destructor- 
either in a delete expression, at the end of a block, or within another destructor. However, other opera- 
tions can be used to release resources such as: 

* The C standard library function fclose ( } releases a resource of the type FILE *. 

+ A list node might be shut down by putting it into a free-list rather than returning it to heap memory by 
catling delete. 

* A stack class may store its elements in an array. In this case, releasing the resource <i,e. s top element 
of the stack) is often accomplished by a simple decrement of the index. Thus, the top element is no 
longer accessible after this operation. 

It is necessary to design all the resources in an exception safe way because exceptions might be 
thrown at arbitrary places in a program. 

Problems with Ixotptidrt Handling 

Them are several ways to integrate exception handling into a subsystem. One way is to design It during 
the initial development of the subsystem. Often, however, exception handling declarations and state- 
ments are added to an existing subsystem after it has been designed with the intent of making it more 
robust, In both the cases, especially in the latter, the following issues might be considered and solved. 

1. The design of the exception class types and the class hierarchy. It should address the issues such as, 
which exceptions should be distinguishable by their type, which should be distinguished by data 
member values, which standard exceptions are to be reused, or which special purpose exception 
classes are to be defined ?. 

2. How to throw an exception i.c., die C++ syntax for raising an exception. 

3. How to pass exceptions upwards i.e., what must be done to correctly manage the resources that are 
affected as the stack unwinds. 

4. How to handle an exception > i.e., remedying the problem that was the original reason for throwing an 
exception, 

5, Syntactic and readability issues, For instance, indentation, grouping of handlers etc. 

6, Use of exception handling in large systems. For example, how to handle more than one exception at 
the same time, how to indicate more than one problem with more than one resource etc. 

7, Testability of programs with exception handling. For example, how should the "all branches “-cover- 
age criterion for sufficient testing be redefined in the presence of exception handling 7 

8, Maintenance of exception handling declarations and statements in the life cycle of software systems. 
For example, how does the presence of exception handling influence the understandability of code7 
How might the extension of class hierarchy interac t with exception handling ( — for example, if virtual 
functions in derived classes need to throw exception different from those in base class ?). 

The concept of simply throw an exception if you do not know what to do will reduce program 
robustness and frustrate programmers who have to deal with all these exceptions. Therefore, the ten 
rules discussed below need to be followed in order to manage the exceptions well: 

Rule 1: Do not throw an exception unless absolutely necessary. 

A basic principle of software engineering: Allow composition of resources i.e,, complex resources are 
composed from simpler ones. C++ has many construction methods to facilitate resource composition, 
Improper handling of an exception in such systems can lead to bad (Inconsistent) states. A bad re- 
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source cannot be repaired — sometimes it may not even be possible to destroy it. Consider the follow * 

mg definition of the member function push { ) in the S tack class: 

template <class T> 

void Stack<T>i spush? T a ) 

{ 



vec[top++] ■ e; // vector insertion can cause exception 



} 

An exception in the assignment will leave the top index incremented, yet the assignment to the new 
top element will not occur* Any access to the top element will find an unassigned value* Such excep- 
tions must be carefully designed so that consistency of resource is maintained* Throwing exceptions 
cause some resources to be in bad state that could be cleaned up by some handler. 

Ryle 2: It is not advisable to simply throw some exceptions deep in the call stack and then let C++ 
unwind the stack until a handler is found; this might leave behind damaged resources that cannot even 
be destroyed afterwards. 

Two appealing solutions For handling bad resources are: 

a) Reorder the statements in each update method so that no bad composite states are encountered, 
even between two sub-resources. 

b) Modify each update so that if a resource enters a bad state it is restored to the original state it had 
before the update occurred. 

The push ( ) member function of the Stack class can be reordered as follows: 

template <class T> 

void Stack<T> : =push( T e ) 

{ 



vecttop] = e? // vector insertion can cause exception 
+*top? 



> 

In the above case, the stack index top will not lead to a bad state when exception occurs at 
assignment of e to vac. 

Restoring the state back to its original value before the operation is started is complex with non- 
trivial C++ programs, Classes with virtual functions and templates are commonly used to write code that 
calls functions which are unknown at the time when the calling code is written, Therefore, it is much 
more harder to integrate exception handling info C++, compared to C, However, it is possible to handle 
exceptions without too much effort, 

Rule 3* All the resources should be designed in such a way that every technically possible state is a 
shut-down state. 

The following design principle can be concluded when resources are designed according to Rule 3: The 
only thing an exception handler can do with a damaged resource is to shut it down (release or free ) . 

Rute 4: The responsibility for managing a resource lies either with a class (i.e., the destructor of the 
class releases the resource); or with die block that acquired the resources (he., the resource is released 
on exit from the block). 



Copyrighted material 




Chapter 19: Exception Handling 



745 



Consider a simple example of Stack data structure. It has a push ( ) function that sometimes has 
to allocate a new array. It does this in the following way: 
iff buffer is too small ) 

{ 

T *nevObuf fer = new T [ nelems 3? // (a) 

. * *f ill new_bu£fer* * . ; 

delate [ J vecf // (b) 

vec a new_fouf £er; 

1 

At step (a) in the above segment, the resource new_buf fer is created under the responsibility of die 
block. If anything goes wrong after this point, it would be the responsibility of the block to delete the 
buffer again (which it does not do in the code). At step (b), the responsibility is transferred to the stack 
object by assigning it to the member vec of the class Stack. The responsibility to release resources 
now lies with the object’s destructor. Thus, if a function is exited due to an exception, the destructor has 
to release the buffer. 

Rule 5: Symmetric resource management; resource management of a purely block-local resource: The 
responsibility of a block-local resource always lies with the acquiring block. 

Of course, with this method, it is not possible to put a resource under the object responsibility, 
which h necessary for all asymmetric resource management problems. Two general schemes (or pat- 
terns) for solving this type of problem are 1) setting resource of an object and 2) replacing an object 
resource, As a building block for these patterns need secure operations that allow to transfer resource 
responsibilities without throwing exceptions Le. s all destructors in a C++ program should have an empty 
specification throw ( } * The first problem arises most often in constructors and assignment operators 
where a new dynamic resource is needed to store part of the object’s value. Resource management for 
such a resource is done as indicated in the J?ufe tf, The second problem arises in the implementation of 
containers that automatically adjust their size, for example, the Stack class. Again, clear responsibility 
management is the key to the correct design as indicated in theRufc 7, 

Rule 6; Resource management for a new object resource, To handle this, use the following pattern: 

a) A load resource of suitable size is acquired 

b) The resource is used (usually initialized) as necessary 

c) The resource is put under an object’s responsibility 

The responsibility of the resources lies with the acquiring block in the above step a) and b) and with 
some object after c). The responsibility transfer at c) must happen in such a way that the responsibility 
is always with exactly one agent — either the object or the block. 

Rule 7: Resource management for replacing an object resource. To handle this situation, use the 
following pattern: 

a) A local resource of suitable size is acquired under block responsibility 

b) The resource is used (usually initialized) as necessary 

c) The responsibility for the object resource and local resource are exchanged 

d) The new local resource (the former object resource) is released 
The following is an example of such a sequence: 

template <cl ass T> 

void Stack: : pop { } ( T & e ) // throw i bad_alloc, ..T (),..) 

{ 
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i££ top == nelems ) 
( 

nelems * = 2; 



AutoFtrArray <T> 


new_buffer = nelems; 


U 


£a} 


for f int i = 0; 


i < n; ++i ) 


// 


{bj 


new_buf fer [ i ] 


= vec [ i ] ? 






new_buf f er . swap_ 


with £ vec } ; 


// 


(cj 


/* destructor of 


new_bu£fer */ 


// 


<dj 



} 

vec [ top+ + J = e? 

J 

Rule 8: When designing a thro w-and- keep resource* all operations with side effects on subresources 
occurring in some resource constraint must be viewed as resource acquisitions. 

Rule 9: Each modification of a s ubres ou rc e of a throw- and- keep resource that might throw an excep- 
tion must be wrapped as shown in the following code: 
try 
{ 

// * , . modification , , , t 

} 

catch 

t 

// make subresource invisible to all operations 

// except those that destroy it 

throw; 

> 

Moreover, all the actions in the catch-block must be secure operations, 

Bute 10: Resource management for a new object resource with return statement. To handle this 
situation, use the following pattern: 

a) A local resource is acquired. 

b) The responsibility of the local and the object resources are swapped. 

c) The resource is used as necessary (including the return statement). 

If an exception is thrown in (c), perform d) and e): 

d) The responsibility of the local and the object resources are swapped back. 

e) The exception is re-thrown (in order to avoid losing information about error occurrence and reason 
for its occurrence). 

The following is an example of such a sequence: 
template <class T> 

T KeepableStack: spopO f T t e ) // throw { XPopOnBmpty Stack , . * .T{ T&) J 

{ 

if £ top » 0 ) 

throw XPopOnEfriptyS tack ( 1 S tack<T > : ; p op 11 J ; 



Au t o_u init ne w„t op ( top- 1 ) ; 


// 


(a) 


new_top . swap_wi th { top } ; 
try 
{ 

return vec [ top 1 ; 


// 


Cb) 


// 


(cj 



} 
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catch { , ■ , ) 

{ 

new_top . swap_with ( top ) ; //(d) 

throw; // (e) 

} 

} 

Based on the background of the above ten rules in managing exception handling, it is possible to 

design new patterns, A new pattern for responsibility management includes transferring responsibili- 
ties from an acquiring block to a surrounding block; or from one object to another, and so on. 

Review Questions 

19.1 What are exceptions ? What are the differences between synchronous and asynchronous 
exceptions ? 

19*2 Explain the techniques of building reliable software . 

19.3 Explain the exception handling model of C++ with various constructs supported by it, 

19.4 Write an interactive program to compute square root of a number The input value must be tested 
for validity. If it is negative, the user defined function ny_sqrt ( ) should raise an exception. 

19 J What is the syntax for indicating a list of exceptions dial a function can raise. What happens if 
an unspecified exception is raised ? 

19.6 Write a program to demonstrate the catching of all exceptions, 

19.7 What happens when an exception is raised in a try-block having a few constructed objects ? 
What is stack unwinding ? 

19.8 What happens when a raised exception is not caught by catch-block ? 

19.9 How does C++"s throwing and catching exceptions differ from Cs B&tjnp ( ) and long jnp { } ? 

19.10 Write a program which transfers the control to user defined terminate function when raised 
exception is uncaught. 

19.11 When does the function unexpected { ) is invoked ? Write a program which installs the user 
defined unexpected function to handle exceptions, 

19.12 Write an Interactive program which divides two complex numbers. Overload di vide (/) operator. 
Handle cases such as division*by*iero using exceptions. 

19.13 Consider that the base class stack is available. It does not take care of situations such as 
overflow dr underflow. Enhance this class to MyStack which raises an exception whenever 
overflow or underflow error occurs. 

19.14 What are the different fault tolerant design techniques available ? Explain recovery block pro- 
gramming technique with a suitable example. 

19.15 When memory allocation fails, how does the new operator notify the error to the caller ? 

19.16 Write a program to add two vectors. Each vector object, instance of the class Vector, is having 
dynamic allocation of their data members. Catch exception raised by now operator and take 
corrective actions, 

19.17 Explain why addition of exceptions to most software is likely to diminish the overall reliability 
and impede the software development process if extraordinary care is not taken ? 

19.18 List the ten rules for handling exceptions successfully 

19.19 What are the issues that need to be considered while designing fault tolerant software ? 

1 9. 20 Write a program for matrix tnuldpl ication . The matrix multiplication function shoul d noli fy if the 
order of matrix is invalid using exceptions, 
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OOP systems are sold on the promise of improved productivity through object reuse and high level of 
code modularity. These aspects precisely lead to their greatest benefit, namely, improved software 
quality, considering k the objective of OO design is to mirror real world objects” in the software systems, 
OO Technology encompasses not only OOPs but also other OO concepts such as user interface, 
analysis, design, and data base management systems. Lastly, using OOPs facilitates an iterative style of 
development rather than the traditional waterfall approaches. The object-oriented approach centers 
around modeling the real world in terms of objects, in contrast to the traditional approaches which 
emphasize function oriented view and separates data- and -functions. 




(b) Object-oriented computational model 
Figure 20,1 : Structured Vs. Object-oriented computational model 

Software engineering deals with the various tools, methods, and procedures required for controlling 
the complexity of software development, project management, and its maintenance. Object-oriented 
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development emphasizes on using programming languages with certain unique capabilities for real- 
world object modeling. Object model is the conceptual framework for object-oriented development The 
four major elements of this model are encapsulation, abstraction, modularity, and hierarchy. The compu- 
tational model of the structured and object-oriented model is shown in Figure 20. L OO development 
tends to be iterative and incremental growth* compared, to conventional development. 

A systems development methodology combines tools and techniques to guide the process of 
developing large scale information systems. Dramatic improvement in hardware performance and the 
adoption of high-level languages has enabled to build large and more complicated systems. The con- 
ventional methodologies decompose the process of system development lifecycle into discrete project 
phases frozen deliverables or formal documents, which serve as the input to the next phase. 

20.1 Software Life Cycle: Water-Fall Model 

Software systems pass through two principal phases during their life cycle: 

* The development phase 

* The operations and maintenance phase 

The development phase begins when the need for the product is identified; it ends when the imple- 
mented product is tested and delivered for operation. Operation and maintenance include all activities 
during the operation of the software, such as fixing bugs discovered during operation, making perfor- 
mance enhancements, adapting the system to its environment, adding minor features, etc. During this 
phase, the system may also evolve when major- functions are added. To illustrate the software life cycle, 
the waterfall model or conventional life cycle model (see Figure 20,2) has proven convenient. 




Figure 20 + 2: Water fall model for software development 
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Conventional life cycle of software development passes through various phases. They include 
definition of system requirements, generation of software requirements, software design, coding, and 
final testing and reliability modeling. 

Problem Definition: The first stage in the development process is understanding the problem in 
question and its requirements. Requirements may he specified by the end- user, or, if the software 
system \s embedded within a larger system, they may be derived from the system requirements. Require- 
ments, therefore, include the content in which the problem arose, functionality expected from the sys- 
tem* and system constraints. At this point, the managers and software specialists decide whether it is 
feasible to build the system. 

Analysis: A system analyst observes the feasibility of system development. If system development is 
cost effective based on the management approval, then design, coding, etc., phases will be executed, 
otherwise, it will be aborted; no progress of other phases will be made. Analysis phase delivers require- 
ments specification. If project is approved* software specialists try to understand the requirements and 
define the specifications to meet those requirements. The system specification serves as an interface 
between the designer and implementor as well as between the implementor and user This describes 
externa! behavior of the software without bothering about the internal implementation. Specification 
must be carefully checked for suitability, omission, inconsistencies* and ambiguities. 

Design: Design is the process of mapping system requirements defined during analysis to an abstract 
representation of a specific-system implementation* meeting the cost and performance constraints. The 
detailed design involves the analysis of various alternatives* including tradeoff among the number of 
possible solutions based on the existing constraints, 

II describes how the system is to be implemented so that* it meets the specification. Since the whole 
system may be very complex* the main design objective is decomposition. The system is divided into 
modules and their interactions. The modules may then be further decomposed into submodules and 
procedures until each module can be implemented easily. 

Oodling/lmpleiiientation: Once the specification and the design of the software is over, the choice 
of a programming language remains as one of the most critical aspect in producing reliable software. 
Implementation involves the aclual production of code. Although it is one or the important phases, it 
takes only 20% of the total development time. The reliability of the code produced depends on the 
coding standards, implementation strategies and the facilities provided by the host language for reli- 
able programming. 

Testing: The truth hurts: Many software development organizations pay lip service to quality — 
shipping untested software when deadline pressures dictate, a not-so-surprising conclusion drawn 
from many surveys. 

Testing is the process of exercising or evaluating a system or system component by manual or 
automated means to verify that it satisfies the specified requirements. Normally, most of the testing and 
debugging is done after the system has been implemented (integrated testing). A large percentage of 
errors are discovered during testing originates in the requirement and design phases. Requirement and 
design errors are more expensive to correct (typically* about 100 times more expensive than implemen- 
tation errors). Clearly, more efforts are needed to be spent in requirement definition and design, which 
must be considered as separate stages in software development. People must become more aware of the 
importance of earlier phases in the software life cycle. 
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Once the software is developed it has ta be subjected to tests at module (unit) level, module 
integration level, software/hardware integration (system) level and finally at the system level. Module 
testing focuses on individual software units or related group of units. Module integration testing 
focuses on combining software and hardware units, to evaluate the interaction among them. System 
testing focus on complete, integrated systems to evaluate compliance with requirement specification, 

A module has to be tested for logical errors and computational errors while the interface is checked 
to see whether the interaction between the modules are proper. The. techniques that have been pro- 
posed for unit testing include the following: 

* Path testing: each possible path from input to output is traversed once, 

* Branch testing: each path must be traversed at least once. 

* Functional testing: each functional decomposition is tested at least once. 

* Special values testing: testing for all values assumed to cause problems. 

* Anomaly analysis: testing the program constructs that can cause problems. 

* Interface analysis: testing for problems at module interfaces. 

Maintenance: Once the system is put into operation, it must be maintained, which includes flying 
bugs discovered during operation, adapting the system to a particular environment, and tuning it to 
improve performance. If some major changes or improvements are made to increase the functionality or 
performance, the system may undergo an evolution. The boundary between maintenance and evolu- 
tion is fuzzy because what constitutes a major change is a subjective-opinion. 

Maintenance absorbs a large fraction of the cost incurred during the software life cycle, A major 
portion of maintenance activity is a consequence of misinterpreted user requirements or faulty debug- 
ging during operation, which thereby introduces errors that did not exist earlier. Some of these mainte- 
nance problems could be reduced if more attention is paid to the development. If programmers have 
clearly understood the users' requirements, if they have documented the specification, design, and 
code properly, and if they have tested the system fully before its release, maintenance would not be so 
difficult and costly. To reduce maintenance costs, the software life cycle is divided into two fundamen- 
tal phases — development and operation/m ainte nance. Software engineers should view these as dis- 
tinct phases so that, both receive sufficient attention during the software life cycle. 

20.2 Cost of Error Correction 

Software development process includes analysis and generation of software requirements, software 
design, coding, final testing, and reliability modeling. Each one of these development phase, includes 
verification, since it is easy to detect errors at each stage and also it will avoid error propagation from 
one stage to another. Further, it has been shown that the cost of correction of errors increases sharply 
as the development stage advances. The relative cost of correcting errors is 1% during the design 
phase, 3 during the coding phase, 21% during the testing phase and rises to 75% when the software is 
put into operation. (See Figure 20.3.) 

The following are the different types of errors that may creep into the design of a software system: 

* Incomplete or erroneous specification 

* Intentional deviation from specification 

* Violation of programming standards 

* Erroneous data accessing 

* Erroneous decision logic or sequencing 
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* Erroneous arithmetic computations 

* invalid timing 

* Improper inteiTupthapdiing 

* Wrong constants and data values 

* Inaccurate documentation 




Figure 20.3: Cost ©f error correction Vs, development stage 

20.3 Change Management 

Changes to system are bound to happen many times either during the system design, or after complete 
implementation of the system, or during system operation: Hence, it is very essential to define change 
management process. The changes can be in the form of any modification to functionality during the 
design phase. It can also be due to any modification to agreed functionality or deliverable description 
in any phase. Some of the factors causing changes in a project are the following: 

♦ Customer misunderstanding 

♦ Inadequate specification 

♦ New customer request 

♦ Organisation changes 

♦ Government regulation 
What is a Change ? 

A change is an alteration to the project scope, deliverables, or milestones that would affect the project 
cost, schedule, or quality. Change is inevitable and occurs during the course of a project as shown in 
Figure 20.4, Once the implemented system becomes stable, many new requirements can be incorporated 
with minimal change to the design. The project manager is responsible for change control. Different 
categories of change exist: mandatory, critical, and nice to have, These changes must pass through 
proper channel and all documents must be updated. Before initiation of the change process, it must be 
first investigated and its impact on various factors must be thoroughly studied. The project manger can 
accept the change request^ or reject the change request, or return the change request for farther 
investigation or clarification. Once a change request is approved, it has to be incorporated appropri- 
ajdy at respective level or may even be earned out to all other phases. If it is improperly handled, it 
n ight even lead to the collapse of the whole system. 
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Figure 20.4: Change requests during system development 

20.4 Reusable Components 

Another important strategy that helps in reliable programming is to use all well proven, tested software 
modules without redesigning them. The usage of such well proven modules decreases the development 
effort and increases reliability. Though this idea is not very popular, except in scientific subroutines and 
some database applications, it is becoming increasingly acceptable to the software development com- 
munity since the recent languages support the concept of modularization and separate compilation of 
those modules* 

Some of the important components of reusability or levels of reusability are; code, data, design, 
specification, etc. The most popular level of reusability is code reusability, 

Reusing Code 

It can be in the form of making a call to subroutines library. Other forms of code reusability are the 
following: 

* Cut and paste of code: In this method, the required portion of a code is cut and pasted in another 
module and necessary changes are incorporated. 

* Snurcedevel includes: In C++, it is performed by including the header file by using the include 
preprocessor directive. 

+ Binary links: Making a call to a function stored in the library in the form of executable code. 

* Runtime invocation: In all the above three forms of source code muse, while writing program itself the 
programmer has to know which component they wish to reuse. The binding of the reused compo- 
nents takes place at coding time, compile lime, or link-time. In some cases, the flexibility of runtime 
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hinding is essentials In •€++, it is supported by virtual functions. The important point to be noted 
about the OO paradigm: the degree to which the OOPL supports dynamic binding may strongly 
influence the degree of reusability in the organization. 

Reusing Data 

Some of the data declared in a header file can be reused extensively by including that in a program. 
These can be in the form of macro constants, literals, enumerated constants, etc. 

Reusing Designs 

The major problem with code reuse is that coding takes place after major activity: analysis and design. 
It is well known that only 15 percent of project duration is used by coding phase, so any attempt to 
increase coding productivity (through high level languages) can have only a limited impact on overall 
project productivity. 

Earlier major focus was given to source-level components. Today, focus is shifted to achieving 
significant results through reuse of the design and specification level. As pointed out by experts, code 
reuse typically occur at the bottom levels of a system design hierarchy whereas, design reuse occur in 
most of the branches of hierarchy (see Figure 20.5), 



Code reuse Design reuse 

Figurt 20,5: Code reuse ¥s. Design reuse 

Reusing Specification 

Although design reuse is good, specification reuse is much better. It eliminates completely (almost) the 
effort needed in designing, coding, and testing an implementation of that specification. 

Miscellaneous Reuse Components 

While code, data, design, and specification are the most obvious candidates for reuse* they are not the 
only ones. Some of the possible candidates are: 

* Cost- bene fit calculations 
+ User documentation 

* Feasibility studies 

+ Test cases, test procedures, test drivers, test stubs 

Among all the entities involved in the software project, one component that cannot be reused is the 
people (who make up the project team). The experience, infrastructures, etc., gained by a project team 
during one project should be carried over* that is, reused in the next project whenever possible. This 
seem to be a common sense, but it is not common in software industry. It is because, teams are busted 
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fisw model and is shown in Figure 20.7. It allows a higher level phase to interact with its lower phase and 
again proceed to a higher level phase. 



Main tenan ce Further development 




Figure 20,7: Fountain-flow model for OO system development 

20.6 Object-Oriented Notations 

Graphical notations play a major role while representing the design and development processes* and 
object-oriented design is no exception. They increase the ease with which ideas can be exchanged 
among the members of a project team. Object-oriented design requires notations for representing classes, 
objects, derived classes and their interrelationship* and interactions among objects. Unfortunately, for 
representing these aspects, there are no standard notations. In Ibis book, authors have used their own 
notations and in addition to some of the commonly used notations, which are discussed in earlier 
chapters such as Object Oriented Paradigm, Classes and Objects, Inheritance, etc. 



20.7 Object-Oriented Methodologies 

Many object-oriented analysis (OQ A) and object-oriented design (QOD) methodologies have emerged 
recently, although the concepts underlying object-orientation as a programming discipline has been 
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developed long time ago. Object orientation certainly encompasses many novel concepts, and is popu- 
larly called as a new paradigm for software development. Object-oriented methodologies represent a 
radical change over conventional methodologies such as structured analysis. 

Various object-oriented methodologies can be best investigated by dividing them into two camps — - 
revolutionaries and synthesists, Revolutionaries believe that object-orientation is a radical change that 
renders conventional methodologies and ways of thinking (about design) obsolete. Synthesists, by 
contrast, view object-orientation as simply an accumulation of sound software engineering principles 
which adopters can graft onto their existing methodologies with relative ease. 

The revolutionaries (Booch, Coad, Yourdon) state the following: 

+ There should be no doubt that object-oriented design is fundamentally different from traditional 
structured design approaches, it requires a different way of thinking about decomposition, and it 
produces software architectures that are largely outside the realm of the structured design culture. 

* There is no doubt that one could arrive at the same results using different methods; but it is revealed 
from experience that the thinking process, the discovery process, and the communication between 
the user and analyst are fundamentally different with GO A than with structured analysis. 

On the other side the synthesists (Wasserman, Pircher, Muller, Page Jones, and Weiss) state the 
following: 

* Object-oriented structured design (OOSD) methodology is essentially an elaboration of structured 
design. They state that the foundation of OOSD is structured design, and that structured design 
includes most of the necessary concepts and notations for OOSD, 

* The problems that object orientation has been widely touted as a revolutionary approach is a 
complete break with the past. This would be fascinating if it were true, but it is not like most engineer- 
ing developments, the object oriented approach is a refinement of some of the best software engi- 
neering ideas of the past. 

The leading analysis methodologies are the following: 

* DeMarco structured analysis 

* Yourdon modem structured analysis 

* Martin information engineering analysis 

+ Badin object-oriented requirements specification 

* Coad and Yourdon object-oriented analysis 

* Shiner and Mel lor object-oriented analysis 

The leading design methodologies are the following: 

* Yourdon and Constantine structured design 

* Martin information engineering design 

* Wasserman el al. object-oriented structured design 
+ Booch object-oriented design 

* Wirfs- Brock etal. responsibility-driven design 

Object-Oriented Analysis 

Object-oriented analysis provides a simple, yet powerful mechanism for identifying objects, the build- 
ing blocks of the software to be developed. It is mainly concerned with the decomposition of a problem 
into component parts and establishing a logical model to describe the system. The various steps 
involved in OOA are shown in Figure 20.8. 
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The two general findings about object-oriented analysis are: 

1 . GOA fulfills the properties of analysis, and 

2. 00 A has a smooth transition to design 

OOA model should cover objectives, application domain knowledge, requirements of the environ- 
ments, and requirements of the computer system. 

* Objectives: These are the ultimate expectations of the users towards the entire information system 
(both computerized and manual), i.e., the objectives which are to be fulfilled through the interplay 
between the computer system and the surrounding human organisation. 

+ Application domain knowledge: This defines the vocabulary of the application, its meaning, and 
properties. 

* Requirements of the environment : This is a description of the behavior required from the human 
organization to meet the objectives. 

* Requirements of the computer system: This is a description of the behavior required from the 
computer system to meet the objectives. 




Figure 20 * 8 : S teps i n object ori ented analysis 

For most GOA/OOD approaches, the difference between analysis and design is not recognized as 
the difference between the user requirement and the solution, but simply as the difference between 
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"what'* and +i how", It is interpreted as "Analysis is aimed at describing what a target system is sup- 
posed to do to obtain an agreement with a customer bearing the expenses. While design is aimed at 
describing bow the designed system will wofk„. T \ 

Positive Trends in OOA 

OOA has evolved and focuses on system dynamics. Novel features of this method include; 

1- It does not assume that a previously written requirement specification exists, 

2, It focuses on the analysis content, including goals and objectives. 

3, It considers external objects as initiators of the scenario, 

4, Attention to requirement elicitation is given by creating scenarios from a structured interview pro- 
cess. 

5, Symbolic execution can be obtained, because scripts and state transition are coupled through pre- 
and post- condition. 

Object-Oriented Design 

Object-oriented design is a radical change from both process-oriented and data-oriented methods. The 
0GD methodologies collectively model several important dimensions of a target system not addressed 
by conventional methodologies. These dimensions relate to the detailed definition of classes and 
inheritance, class and object relationships, encapsulated operations, and message connections. The 
need for adopters to acquire new competencies related to these dimensions, combined with Booch's 
uncontested observation that ODD uses a completely different structuring principle (based on object- 
oriented rather than function-oriented decomposition of system components), renders GOD as a radical 
change. 

Object-oriented design is concerned with mapping of objects in the problem space into objects in 
the solution space. It creates overall architectural model and computational model of the system. In 
GOD, structure of the complete system is built using bottom-up approach whereas, class member 
functions are designed using top-down functional decomposition. It is important to construct struc- 
tured hierarchies, identify abstract base classes, and simply the inter-object communication. Reusabil- 
ity of classes from previous design using inheritance principle, classification of objects (grouping) into 
subsystems providing specialized services, and determination of appropriate protocols are some of the 
considerations of the design stage, 

Most of the object-oriented methodologies emphasize the following steps: 

1 . Review of objects created in the analysis phase. 

2* Specification of class dependencies 

3 Organization of class hierarchies using inheritance principles. 

4. Design of classes, 

5 . Design of member fu actions. 

6. Design of driver program, 

20.8 Coad and Yourdon Object-Oriented Analysis 

Coad and Yourdon OOA methodology can be viewed as building upm the best concepts from infantta 
tion modeling, object-oriented prog ramr' *ng languages, and knowledge-based systems, GOA results 
in i five-layer model of the problem domain, where each layer builds on the previous layers. The layered 
mj-dei is constructed using a five-step procedure. 
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# Define objects and classes. Look for structures, other systems, devices, events, roles, operational 
procedures, sites and organizational units, 

# Define structures. Look for relationships between classes and represent them as either general-to- 
specific structures (for example, employ ee-to-sales manager) or whole-to-part structures (for example 
car-to- engine), 

# Define subject areas. Examine top-level objects within whole-to-part hierarchies and mark these as 
candidate subject areas. Refine subject areas to minimize interdependencies between subjects. 

# Define attributes. Identify the atomic characteristics of object as attributes of the object. Also look for 
associative relationships between objects and determine the cardinality of those relationships. 

# Define services. For each class and object, identify all the services it performs, either on its own behalf 
or for the benefit of other classes and objects. 

The primary tools for Coad and Yourdon GOA are class and object diagrams and service charts. The 
class and object diagram has five levels, which are built incrementally during each of the five analysis 
steps outlined above. Service charts, which are much similar to a (traditional) flow chart , are used 
during the service definition phase to represent the internal logic of services. In addition, service charts 
portray state-dependent behavior such as preconditions and triggers (operations that are activated by 
the occurrence of a predefined event), 

20.9 Booch’s Object-Oriented Design 

While there are many object-oriented design methodologies, one approach that reflects the essential 
features of object-oriented design is presented by Grady Hooch. The four major steps involved in the 
object-oriented design (OOD) process are: 

L Identification of Classes (and Objects) 

2 + Identification of Semantics of Classes (and Objects) 

3. Identification of Relationship between Classes (and Objects) 

4. Implementation of Classes (and Objects) 

Identification of Classes (and Objects) 

In this step, key abstractions in the problem space are identified and labeled as potential, candidates for 
classes and objects. 

Identification of Semantics of Classes (and Objects) 

In this step, the meanings of classes and objects identified in the previous step are established, which 
includes definition of the life cycles of each object from creation to destruction. 

identification of Relationship between Classes (and Objects) 

In this step, interactions between classes and objects, such as, patterns of inheritance among classes 
and patterns of visibility among objects and classes (what classes and objects should be able to “see" 
each other) are identified. 

Implementation of Classes (and Objects) 

In this step, detailed internal views are constructed, including definition of methods and their behav- 
iors. Objects and classes have to be allocated to modules (as defined in the target language environ- 
ment) and resulting programs to processor (where the target environment supports multiple proces- 

h rs). 

The primary tools used during OOD are* 
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* class diagrams and class templates (which emphasize class definitions and inheritance relationships) 

* object diagrams and timing diagrams (which stress message definitions, visibility, and threads of 
control) 

* state- transition diagrams (to model object states and transitions) 

* operation templates (to capture definitions of services) 

* module diagrams and templates (to capture physical design decisions about the assignment of ob- 
jects and classes to modules) 

* process diagrams and templates (to assign modules to processors in situation where a multiprocessor 
configuration is supported) 

20.10 Class Design 

Whether the design methodology chosen is Booch’s OQD or any of the several other methodologies, 
design of classes is consistently declared to be central to the 00 paradigm* Note that class design has 
the highest priority in OOD, and since it deals with the functional requirements of the system, it must 
occur before system design (mapping objects to processors/processes) and program design (reconcil- 
ing of functionality using the target languages and tools etc*). Classes are developed either for building 
applications or for building class libraries or hierarchies. The class hierarchy is built by combining data 
hierarchy and procedure hierarchy as shown in Figure 20,9. 



Conventional procedural approach Object-oriented approach 




procedure hierarchy 

Figure 20 J: Class hierarchy combining data and procedure hierarchy 



The output of the analysis phase must be transformed into a set of abstract class designs. Class 
design methods arrive at internal representational and algorithmic specifications that meet the declara- 
tive constraints of analysis models. The various steps involved in class development are shown in 
Figure 20,10. It includes class requirements, class design, testing, debugging, and finally ends with 
class certification. The various OOA/OOD methodologies discussed earlier have emphasized on class 
development. 
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5. Design of mechanisms and protocols for transmitting state information between cooperating objects. 

6. Design of service and enstavemenl protocols (access control, locking, etc.) so that objects may be 
used more predictably and reliably by its users. 

7. Minimization of representational and informational demands upon clients (low coupling). 

Design of Members 

Properly designed member functions of a class help in processing art object with ease. They define 
operations that are to be performed on the object's data. These functions are similar to C functions and 
hence, algorithm decomposition (functional decomposition) can be used as shown in Figure 20, 1 1 . 




Modules of function 2 

Figure 20.11 : Top-down design approach for functions 
Design of the Driver Function 

The execution of a program written in any language always starts from the fixed subroutine. In C++, it 
starts from the main ( ) function and hence, every program must contain a main ( ) function code 
known as the driver program. Execution of the program begins and ends normally from this main. ( ) 
The driver program is responsible for processing command line arguments, creating objects which 
require throughout the life-span of the program, handling communication between objects, providing 
necessary user- interface, controlling resources, and displaying results. 

The driver program is the gateway to the end-users. Therefore, the user-system interface should be 
carefully designed to be user-friendly so that users can operate in a natural way. 

Implementation 

implementation phase is mainly concerned with conversion of OOD into program code. It also includes 
testing of software to some extent A suitable object-oriented language such as C++ has to be employed 
for writing programs. In coding phase, codes of classes, member functions, and the main ( ) function 
have to be developed. It becomes easy once a detailed design has been done with care. 
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Once the system is coded, it has to be- tested and testing is an essential part of the software 
development process. A detailed test plan should be designed as to what, when, and how system has 
to be tested. Testing of class interfaces and class dependencies has to be carried out by programmers 
during development. Once the complete system is integrated, it can be tested as a whole to see whether 
the system performs as intended. 

20.11 How to Build Reliable Code? 

The first thing that one should understand is it is hard to build a complex software that works wetL In 
the search of salvation, or what the software engineer and author Fred Brooks calls the silver bullet* 
many people concentrate on models, techniques* and tools. Once upon a time, they were structured 
programming and high level languages, now they are application builders, component ware, and object- 
oriented programming techniques. Reliable software can be written using gotos and assembly lan- 
guage, and truly dismal code has been produced using impeccably modern tools and techniques. 

The reality is that one factor which completely dominates every other in determining software 
quality is how well the project is managed . A development team must know what code it is supposed 
to build, must test the software constantly as it evolves, and must be willing to sacrifice some develop- 
ment speed on the altar of reliability. The leaders of the team need to establish a policy for building and 
testing code. Tools are valuable because they make it easier to implement a policy, but they cannot 
define a policy. That is, if the team leaders fail to do their job, no tool or technique can save them. 

One reason that quality often takes a backseat is that it is not free. Reliable software often have 
fewer features and takes longer time to produce. No trick or technique will eliminate the complexity of a 
modem application, but here are a few' guidelines that are extremely useful. Nine ways to write more- 
reliable software are the following: 

* Fight for a Stable Design 

* Cleanly Divide Up Tasks 

* Avoid Shortcuts 

* Use Assertions Liberally 

* Use Tools Judiciously 

* Rely on Fewer Programmers 

* Deligently Fight Features 

* Use Formal Methods Where Appropriate 

* Begin Testing Once You Write the First Line of Code 

Fight for a Stable Design 

In addition to the changing system specifications, another obstacle to building a good system is a 
design that keeps changing. Each change means redoing the code that has already been written, 
shifting plans in midstream, and disturbing die internal consistency of the system. 

The problem is that, often nobody knows precisely what the program should do until there is a 
preliminary version to run, An excellent strategy is to build mock-ups and prototypes with which 
potential users can start working initially, so that the design settles down as soon as possible. Once 
designers chalk out basic structure of the system, any changes that are not critical can wait until the 
next version. This is a hard line to hold on, but the developer can come close to it. 
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Cieanly Divide Up Tasks 

When designing a complex system, remember to divide the work into smaller pieces that have good 
interfaces and share the appropriate data structure, If this is done properly, even some bad implements’ 
tion decisions will not ruin the overall design and performance of the system. Object-oriented lan- 
guages provide a easy way to express and enforce the decomposition strategy, but they do not tell the 
designer how to do the job. It is definitely better to have a good design implemented in C than a poor 
one in C++. However, C++ will help in the long run in terms of better management, reusability, under- 
standing (coordination) among team members, future enhancements, code maintenance, etc. 

Avoid Shortcuts 

Programmers often do not bother to fix design-errors while coding. Most of them are more fascinated 
toward writing cryptic code* Avoid shortcuts by insisting that each procedure is carefully documented. 
The implementation tricks clearly written can act as a useful document 

Use Assertions Liberally 

An assertion is simply a line of code that says, "I think this is true. If it is not, something is wrong, so 
stop execution, and let me know immediately. 5 s If a value is supposed to be within a certain range, it must 
be checked first. Make sure that pointers point to valid locations and that internal data structures are 
consistent. Just like code inserted for debugging a program, the designer can compile assertions out of 
production code (using conditional compilation facilities) before it enters final testing stages. There are 
many reason for writing program code with assertions. They enable to find problem quickly and makes 
them easier to track down, 

Use Tools Judiciously 

Tools are not a panacea to all problems, they cannot help to fix (detect) bug in a project that has been 
administered badly. But tools can make it easier for development teams to put good policies into effect. 
The source code management tools help to coordinate modules being used by multiple developers* 
There are also some tools that can find certain errors in the program code instead of forcing the 
developer to do it. Tie UNIX utility lint (or the turbo-charged version offered in Centerline's Code 
Center) will find some syntax errors and mismatches between different source code files. Purify, from 
Pure Software* and Bounds Checker from Numega Technologies, catch a wide variety of memory errors 
as soon as they occur, rather than letting them to manifest themselves later on. Other tools perform 
regression tests or perform code-coverage analysis to see if there are any dusty comers in program that 
are not being exercised. 

Rely on Fewer Programmers 

An easy way to reduce the number of bugs in a project is to cut down the number of people who are 
involved in it. The advantages are: less management overhead, less need for coordination, and more 
interaction among the team members, who are building tbe system. The number of members can be 
reduced by having individual programmers produce code more quickly or by reducing the amount of 
code that needs to be written. CASE tools, application builders, and code reuse attempt to meet one or 
both of these goals. While these products do not always five up to their promise, they can simplify a 
project development so that a smaller team can handle it. 

20.1 2 OO Software Performance Tuning 

Performance is defined as the number of instructions executed along the critical paths. Following are 
some of the guidelines to be kept in mind while optimizing the program code for tuning its performance: 
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# Move assumptions from a method to its callers 

For example, a method might validate that the appropriated semaphore is locked by the current thread 
before modifying a shared resource protected by that semaphore. Instead, if all callers lock the sema- 
phore before the call, it would no doubt be efficient, but also more dangerous and less general, to 
explicitly move the assumptions oflock ownership to the callers. This category of change tends to 
remove code from a method, and proportionally increase the number of warnings in the commentary 
describing the assumption made by the method. 

# Move code from callers of a method into the method 

The objective here, is to move the context of a call from the caller into the method. For example, if a caller 
ts looping through hundreds of page table addresses in order to convert disk request to disk sector 
addresses, the conversion method can be augmented with a fatter interface that passes a collection of 
addresses, and the loop can be moved into the method. This is important in methods with protocol 
considerations such as lock ownership. 

+ Object pools 

This technique mi nimizes calls to constructors in a manner analogous to memory pools minimizing the 
calls to operator ne w. The key is to reuse objects rather than constructing new ones. For example, if 80% 
of the fields in a page- fault object are the same for most page faults, it is possible to avoid the overhead 
by preconstructing page -fault objects, and adjusting the object's state via a method rather than initial- 
izing all the fields using a constructor. This is a special case of avoiding data movement. 

* Caches 

instruction counts could sometimes be reduced by introducing caches. Note that the implied increase 
in data size can produce more page- faults, however* there were no tools available to predict the correla- 
tion. This issue is still being investigated. 

♦ Dead code removed 

Implicit C++ constructor and destructor calls provide a new variant of dead code removal. In some 
cases* the previous changes made to the local objects are superfluous. Removing these local objects 
can avoid wasting instructions. In some case, removing these has saved over 1 ,000 instructions along 
a critical path, 

♦ Inlining 

A function is expanded inline when the compiler replaces a traditional CALL instruction with code 
contained in the body of the Function, In addition to eliminating the cost of setting up the stack frame* 
the optimizer can procedurally integrate the called function body into the caller's code by performing 
traditional optimization techniques across the call boundary by using techniques such as register 
liveness, constant propagation, and loop invariant code motion, 

20.1 3 Software Project Management 

Software project management is a complex undertaking. It requires project managers who are competent 
technical specialists and have some level of understanding and appreciation for the management prin- 
ciples as computer professionals. Knowing how to manage large projects is a critical skill for the 
computer professional. Many projects in the computer industry have failed to achieve their objectives 
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due to lack of managerial skills. Consider the following circumstances: 

* Project objectives are poorly defined and/or understood, even by members of the project team 

* Project deadlines are dictated by external events or imposed arbitrarily by administrators. 

• Project budgets are based on naive estimates given by inexperienced managers. 

# Project staffing is determined more by availability than ability. 

The outcome of projects launched under such circumstances is easily predicted. Managing a well* 
planned and well -staffed project is challenging; with fuzzy objectives, unrealistic schedules, inad- 
equate budget and weak staffing, project managers would need a miracle to succeed, 

Guidelines far Launching a Project 

Every project is unique in its management requirements, but certain steps can be taken at the time the 
project is launched to improve the prospects. The following guidelines are offered for managing the 
project well: 

♦ Establish a realistic project objective, setting forth in detail what will be accomplished if the project is 
successful. 

# Appoint a competent project manager whose administrative, technical, and political skills commensu- 
rate with the task. 

♦ Set up the project organization at an appropriate level and establish the appropriate communications 
links among all the elements of the organization that must play a role in the project's sue cess . 

♦ Staff the project with the proper mix of technical and administrative skills. Avoid, whenever possible, 
parted me assignments so that the individuals who are working on the project can devote their full 
attention to it. 

♦ Identify key project milestones which, when achieved, will demonstrate definitive progress toward 
the ultimate project objective. 

Note: This step, plus Steps 6-1 1 below, may require several iterations before a satisfactory plan, 
schedule, and budget can be developed and approved. 

♦ Plan the project in detail, identifying all tasks that must be completed to reach each milestone. 

♦ Assign each task to an individual or to a specific organization so that responsibility for its completion 
is unambiguous. 

* Estimate the time required to complete each task. It is essential that the time estimate for each task be 
made by the individual or organization that bears the responsibility for completing it 

* Estimate the cost of completing each task (or groups of tasks); again* these estimates should be made 
by the responsible person. 

* Produce a project schedule and lime-phased budget (using critical-path or similar network techniques 
when the size of the project warrants). 

# Distribute the plan, schedule, and budget to all concerned parties and confirm their “ownership” of 
the tasks assigned to them. 

♦ Review the project schedule and budget regularly. At each review meeting, ask for reaffirmation of 
plans and schedules (for the forthcoming period). While managing a large and complex projects, cany 
out project reviews, take minutes to document key decisions and follow-up assignments. 

* Update project plans and schedules after each review meeting and distribute them as noted 
previously* 

* Manage the project! 
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Of course, no project management philosophy can guarantee the success of any project, no mailer 
how noble its objectives are, or how diligently it is applied It can, however, materially improve the 
prospects for success, provided all project participants accept the philosophy and it is administered in 
a consistent and disciplined manner. 

20.14 Plan for 00 Battle 

After all the theory and discussions about object-oriented programming, success with 00 (Object- 
Oriented Technology) requires a commitment, as well as a plan, for action. Hie software designers, who 
excited by the new technology, are often ready to make the commitment with no planning at all. lust to 
recall if you ore not planning, you are planning for failure. Here are a series of planning steps 
articulated by OO experts for the major management planning activities required for successful imple- 
mentation of object- orientation: 

* Obtain Initial Advice 

It is necessary lo have consultation with experienced OO consultant before embarking on the OO 
bandwagon, to take a decision on suitability of OO methodologies and its benefits. This must provide 
an insight into the key decision makers in the organization what steps are involved, how long it will lake, 
how much it will cost, what benefits are likely to accrue, and what risks must be accepted. 

* Obtain Management Commitment 

This is a crucial issue and important for the success of the object-orientation in the organization than 
the technical features of OO technology or the choice of C++ over Smalltalk, If management is opposed 

to this* then it probably won't work-out. 

* Conduct Pilot Projects 

Similar to all new technologies, 00 needs to be validated and demonstrated to the organization. This is 
usually demonstrated through the use of a pilot project A pilot project should be medium-sized and 
within the context of the organization. It is known that the failure of a pilot project will not bankrupt the 
organization, A good pilot project should be staffed by enthusiastic volunteers who are well trained 
and well supported by expert consulting assistance, A final conclusion can be reached from the viabil- 
ity of the proposed new technology, 

* Develop e Training Plan 

Training for object-orientation is important before taking any initiative to switch over to OO develop- 
ment, It is necessary to train programmers, designers, system analysts, and project leaders. If the 
management cannot afford to train all of them at once, it can be done in multiple phases. 

4 Document Management Expectations 

* Develop an 00 Development Life Cycle 

* Choose OO A/OOD/OQP/OOT methods 
4 Choose OOP Language and Compiler 

* Choose OO Case Tools and Repository 
4 Identify 00 Rased Matrices 

* Revise Software Development Plan 



Copyrighted material 




Chapter 2Q: OO Analysis, Design and Development 



7i>0 



20.15 A Final Word 

The activities summarized in this chapter and C++ programming issues discussed in the earlier chapters 
can be mastered only with hands on experience. OO is surely not suitable for managing small projects 
and it may appear to be very costly. OO methodology has born to stay and is all set to win. It will surely 
help in long term and has impact right from the system study to the system maintenance and of course, 
even in training the end-users, 

There are many optimistic and pessimistic views on adopting this new technology. The use of latest 
technology has played a very significant role in the success of several (world-class) organizations and 
even individuals. It is well known that "future belongs to those who use latest technology and you 
might as well start now; delaying the decision by a day will just add one more day to a process that is 
bound to take several years. If you are worried that you are not the first one in industry (state, country, 
or world) to adopt OO, do not worry, you are not the last person. Perhaps the best advice (drawn from 
the Proceeding of the National Conference on Computers in Education and Training, India) on 
adopting new technology in the rapidly changing computer world is here: 

**Our initial backwardness, our late arrival on the scene , and the small investments we made in the 
past need not remain as our handicaps but can be turned into our most valuable advantages if we 
make the right decisions now, order judicious investments and march forward with determination 

Review Questions 

20*1 Compare the object-oriented computational model with the structured computational model, 
20.2 Explai n the water-flow model of software development. 

203 Why does the cost of error correction increase as the development phase progresses ? 

20*4 What are the issues to be considered while selecting a language for software implementation ? 
20*§ What is change ? Explain how change management can be handled ? 

20 J What are the different reusable components ? Explain why code reusability occurs at the bottom 
of hierarchy and design reuse occurs in most of the branches of hierarchy ? 

20.7 Explai n the fountain- flow model of software de ve lopmeit t 

20.8 Draw object-orientated notations for class, object, inheritance, delegation, etc. 

20*0 Investigate object-oriented methodologies as viewed by revolutionaries and synthesists. 

20.10 Explain the steps involved in object-oriented analysis. 

20*11 Explain the Coad and Yourdon object-oriented analysis method. 

20# 1 2 Explain the B ooch object-oriented desig n method. 

20*13 Compare the object-oriented and traditional analysis methodologies, 

20.14 Compare the object-oriented and traditional design methodologies. 

20.15 What is design for reuse ? Explain the steps involved in a class design* 

20.10 What is a driver function ? What are its responsibilities ? 

20.17 What are the steps involved in building a reliable code ? 

20.18 State and explain the guidelines for tuning performance of an OO software. 

20.19 What is the software project management ? State guidelines for launching a project. 

20.20 What are the steps involved in the major management planning required for successful imple- 
mentation of the object-oriented system ? 
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C++ Keywords and Operators 



C++ supports a wide variety of keywords and operators to support object-oriented programming. The 
following sections illustrates them with syntax, description, and examples, 

asm, _aent ^ embed assembly statements 

Syntax: 

asm <opeode> < operands > <; or newline> 

_asm <opcode> < operands;* <; or newline> 

.asm <opcode> <operands> < ? or newl ine> 

Description: It allows to embed assembly language statements in between C++ statements. These 
assembly language statements are machine dependent; portability of a program is lost when such 
statements are used. 

Example: asm mov ax, 

asm add bx, cx 
asm add bx, 10 

Any C++ statement can be replaced by the appropriate assembly language equivalent statements. In 
order to include a number of asm statements, surround them with braces by using the following format: 
asm { 

pop ax? pop ds 
i ret 

} 

auto: define variables 

Syntax: [auto] cdata definition^ 

Description: It defines variables whose resources are released as soon as they go out of scope. All the 
local variables are auto by default and hence, auto storage class is rarely specified explicitly. 

Example: 

int main tint argc, char **argv) 

{ 

auto int i; 
i « 5; 
return i; 

) 

pass control out of the current loop 
Syntax: break; 
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} 

try 

{ 

// read a and b value if necessary 
int c * div ( a , b } ; 
f f no exception..,, do other activities 

} 

catch ( div_by_zero I 
{ 

cout « # Divide by zero" ; 

// take necessary action 

) 

char: define character variables 
Syntax: char <varl>, , ,, <varn>; 

Description: It detines variable(s) of type character which is I byte in length. They can be signed 
(default) or unsigned. 

Example: char chi, *name; 

class: encloses data and functions into a single unit 

Syntax: class <classname> [ < tbaselist>] { <member list> } ; 

# <classnarae> can be any identifier unique within its scope. 

# <baselist> lists the base elass(es) that this class derives from and it is optional. 

# < member iist> declares the class's data members and member functions. 

Description: It declares C++ class which combines both the data and functions on those data into a 
single unit. Within a class, the data are called data members and the functions are called member 
functions * 

Example: 

class student // declares class called student 

t 

char *name; // data member 

char *getname() // member function 

{ 

return name; 

) 

> ; 

c onst: define constant variable __ 

It creates a constant variable and makes it a read-only variable. 

Syntax: 

const [data type] < variable name* [ * <value> I ; 

< function name> ( const <type> ^variable name> ) 
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Description: In the first version, the const modifier enables to assign m initial value to a variable that 
cannot be changed later by the program. It can be used to define constant variables of primitive and 
user-defined data types. 

Example: const int my_age = 25; 

Any assignments to my_age will result in a compiler error. Note that, a const variable can be indi- 
rectly modified by using a pointer as follows: 

Mint ®)fcmy_age = 35; 

When the const modifier is used with a pointer parameter in a function^ parameter list, the function 
cannot modify the variable that the pointer points to as follows: 
double sqrfct const double a 1; 

Here the stjrt U is prevented from modifying the input value passed through a variable. 

contittw: transfer control 

Syntax; continue; 

Description: It passes control to the end of the innermost enclosing while, do, or for statement, at 
which the ioop continuation condition is evaluated. 

Example: 

for { i = 0; i < 20; i++ ) 
f 

if (array [1] = = 0> 

continue; // skips this iteration 
array [i] - 1/ array [ill 

} 

default: default operation when all cases fail 

Syntax: default: 

Description: In a switch statement if a case-match is not found and the def aul t : prefix is found 
within the switch body, control is transferred to that point, otherwise, the switch body is skipped 
entirely. 

Example: (see case) 

delete: deallocate memory 

Syntax: delete <po inter„_feo„name> ; 

Description: It destroys an object by releasing all the resources allocated to it by the new operator, 
The delete operator destroys the object <name> by deallocating siizeof ( <name> ) bytes 
(pointed to by <pointer_to_name>)* The storage duration of the new object is from the point of 
creation until the operator delete deallocates its memory, or until the end of the program. 

Example: 

int *p; if pointer to integer 

p = new int [1001; // allocate memory for 100 integer elements 

delete p? // deallocate memory allocated to p using new operator 
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do: do.. while loop 

Syntax: do <statement> while ( expression.^- ; 

Description; The < statements enclosed within the body of a loop is executed repeatedly as Jong as 
the value of <expression> remains nonzero. Irrespective of the value of a < expressions this 
loop executes its body alleast once. 

Example; 

i = 1 ; factorial = 1; 
do 
{ 

factorial *= i ; 
i + + ? 

) while li <= n ) ; 



datifeia; define double precision real variable 

Syntax: double <varl>, , „ . <varn> ; 

Description: It defines variables of type real type which is & bytes in length, Use of double or float 
requires linking in the floating-point math package if mimetic coprocessor does not exist in the system. 
Most of the compilers include math package automatically if floating point numbers are used in a 
program. 

Example; double a, b; // a and b are double type variables 
else: action s when the i f conditi on fail s 

Syntax: 

iff condition ) 

statement!? // if condition is true 

else 

statement^ ; / / if condition is false 

Description: It specifies the alternate statement to be executed when the if condition fails 

Example; 

if t boy_age > girl^age ) 

cout << "‘boy is elder than girl*; 
else 

cout << K girl is elder than boy*; 

anun: declare enumerated constants __________ 

Syntax: emun l<type„tag>] {< const an t__name> 1= <vaTue>] , ,,,} (var_listl ; 

Description: It declares a set of constants of type int. A <type_tag> is an optional and is used to 
name the set. <constant_name> is the name of a constant that can optionally be assigned the value 
of < valuer Note that, <value> must be an integer. If <value> is missing, it is assumed to be 
<prev> + 1 where <prev> is the value of the previous integer constant in the list. For the first 
integer constant in the list, the default value is 0. <var — list» is an optional variable list that can 
follow the type declaration. It assigns variables to the enum type. 
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Example; enim modes ( LASTMODE - -1, BW4G = Q, C40, BWBO, CBO, MONO = 7 }; 

In the above declaration, modes is the type tag, IiAStmGde, BW40, C4Q, etc. are the enumerated 
constant names. The value of C40 is i (BW40 + 1} and BW80 » 2 {C40 + l),etc. 

extern: specify variable/function type which is defined elsewhere 

Syntax; extern <data definition:*? 

extern <function prototypes-; 

Description: It declares variables/functions and indicates that the actual storage and initial value of a 
variable or the body of a function, is defined elsewhere, usually in a separate source code module. The 
keyword extern is optional for a function prototype. 

The extern variables cannot be initialized at the point of declaration and if they are not defined a 
linker error Undefined symbol ‘symbol -name* in module * module -name' is generated. 

Example: 

extern int „£mode; 

extern void factorial { int nj ? 

float: define float variables 
Syntax: float <varl> ( , **<vam>; 

Description; It defines variables of float data type, which are 4 bytes in length. Use of double or 
float requires linking in the floating-point math package. Most of the compilers including Borland 
C++ will do this automatically, if floating point numbers are used in a program. 

Example: float a, b; 

for: loop 

Syntax; for ( [<«xprl>l ; [<expr2>] ; [<expr3>} } <statement> 

Description: The < statements enclosed with the body of a loop is executed repeatedly as long as 
the value of <expr2> remains nonzero. The <statement> is executed repeatedly until the value of 
<expr2> is 0. The <exprl> is evaluated before the first iteration and is usually used to initialize 
variables of the for loop. The <expr2> is evaluated before entering the loop statement. After each 
iteration of the loop, <expr3> is evaluated, and is usually used to increment a loop counter. 

In C++, <sxprl> can have an expression or variable definition. The scope of any identifier defined 
in <exprl> is extended to outside its loop and those defined within the loop body is limited to that 
loop iteration, All the expressions are optional. If <expr2> is left out, it is assumed to be 1 . 

Example: 

fori 1=0; i < 100; i++ } 

cout << ~ * « i « endl? 

friend: allow other function/dass to access private members of a class 

Syntax: friend <identif ier>? 

Description: A friend of a class can be a function or a class. Friend function or friend class is allowed 
to access private or protected members of a class. A class which wants other class or function 
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statement but no statements can come between an if statement and an else; however, multiple 
statements can be enclosed within flower brackets. 

Examples: 

if (count < 50) 
count++; 
if lx < y) 
small = x; 
else 

small = yj 

The #±£ and #else preprocessor statements (directives) look similar to the if and else state- 
ments, but have very different effects and their effect can be seen only at compile time. They decide 
which source file lines are to be compiled and which are to be ignored, 

inline! substitute the function body at the point of call 

Syntax: 

inline <datatype> < function* (<parameters>) { <statements> ; > 

inline <datatype> <class> : s <f unction* parameters*) { ^statements*! ) 

Description! It dee lares/de fines C++ in line functions* The compiler substitutes function call by the 
body of a function so that program execution speed increases. Member functions defined within the 
body of a class are treated as inline functions by default. 

The first syntax declares an inline function by default. This syntax can be used to define normal 
functions or member functions as inline function. The second syntax declares an inline function 
explicitly and such definitions need not fall within the class definition. 

inline functions are best reserved for small, frequently used functions, and any normal function 
can also be made as inline. 

Example: 

// Implicit inline statement 
int num; U global num 

class cat 
t 

public : 

char* func (void) { return num; } // inline function implicitly 
char* num? 

) 

// Explicit inline statement 

inline char* cat! i func (void) { return num; > 

Any C++ function can be declared inline as follows: 

inline swap( int *a ( int *b ) 

{ 

/ / swap without using temporary variable 
*a * *a + *b; 

*b = *a - *bj // *b = i*SL + *b) - *b - *a 

*a = *a - *b; / / *a = (*a + *b) - *a = *b 

1 
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inti define integer variable 
Syntax: int <varl>, <varn>; 

Description: It defines variables of integer data type which is one word in length. They can be signed 
(default) or unsigned. It is represented by 2 bytes under 16-bit operating system (e.g., MS-DOS) and 16- 
bil compiler (Borland C++) and 4 bytes under 32-bit OS and compilers (e.g. . Under UNIX). 

Exam pies; 

ant i , j ; 

long x; // int is implied 

signed int i; // signed is default 
unsigned long int 1;- N int GK, not needed 

n ew: allocate memory 

Syntax: 

^■po inters to jwn»> = new <name> [ count 1 ; 

<pointer_to_name> = new <name> ( init_value ) ; 

Description: The new operator creates an object <naine> by allocating sizeof E<najne>) # count 
bytes from the heap , The storage duration of the new object is from the point of creation until the 
operator delete deallocates its memory, or until the end of the program. 

Example: (see delete) 

int * iptr = new int [ 15 3; // allocates 15 integer memory 

int *a = new ( 10 ) ; / / allocates a integer and assigns 10 

operator; overload operator 

Syntax: 

operator < operator symbol>( <parameters> ) 

( 

cstatemerits>; 

1 

Description: It allows to define a new action for the existing C++ overloadable operators to operate on 
user defined data types. The keyword operator followed by an operator symbol* defines a new 
(overloaded) action for the given operator. 

Example: 

complex operator * (complex cl, complex c2) 

{ 

return complex (cl , real + c2 . real , cl.imag + c2 . imagl- ; 

} 

private: specify class members access scope __ 

Syntax: 

private: declarations* 

Description: It explicitly declares members of a class to have private privilege. If a member is pri- 
vate, it can be accessed only by member functions or friends of the class. Members of a class are 
private by default unless otherwise specified explicitly. 
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Example: 

class Abe 

t 

int a; // private by default 

public: 
int c; 

private: / / private by explicit 

int b; 



protected: 
int ci 



// protected by declaration 



public : 



// public by declaration 



specify class members access scope 

Syntax: protected; <dec larat ions> 

Description: It explicitly declares members of a class to have protected privilege so that they are 
inheritable to derived classes similar to public members. They can either have private or pro- 
tected status in derived classes depending on type of derivation. Mote that protected members have 
the same privilege as private member except that they are inheritable. 

Example: (see private) 



public: members accessible to all users 
Syntax: public: <declarations> 

Description: It explicitly declares members of a class to have public privilege and they are accessible to 
all the users, If a member is public, it can be used by any function. In C++, members of a struct or 
union are public by default 

Example: (see private) 

r m gist it: all ocate a register for the variable 

Syntax: register <data definition^ 

Description: It informs the compiler to allocate a CPU register if possible for the variable to speedup 
data access. 

Example: register int ij 

ret urn: transfer control to the caller 

Syntax: return f <expression> ] ; 

Description: Returns control immediately from the currently executing function to the calling routine, 
optionally returning a value. 
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Example: 

double sqr{ double x* 

{ 

return x*xj 

> 

aJaort: define 16-bit integer variab les 
Syntax: short <var 1> # , . , <varn>; 

Description: It defines variables of type integer each having 2 bytes in length. They can be signed 
(default) or unsigned. 

Example: short i , j ; U i and j are variables 

signed: declare variables as signed 

Syntax: signed <data type> <varl>, <varn > ; 

Description: The keyword signed is a qualifier (modifier) which allows to define variables of type 
char t int, and long p etc., as signed numbers. Even if this type qualifier is omitted the variables are 
treated as signed by default. 

Example: signed int i, y$ 

sizeof: determine the number of bytes required to represent a daia-iype or its variable 

Syntax: 

sizeof { <expression> ) 
sizeof t <type> ) 

Description: It returns the size, in bytes, of the given expression or data type. 

Examples: 

a *= sizeof t int }; // size of integer 

ni terns = sizeof (table) / sizeof {table 10])? // number of entries in a table 
static: scope of variable 

Syntax: 

static <data definitions; 
static < function definition*; 

Description: It declares variables as static and preserves the variables 1 value. A function or data 
element is only known within the scope of the current function or module. If a local variable is defined 
as static, its value is preserved between successive calls to that function. 

Examples: 

static int i; // scope is restricted to a module 
static void printnewlirte ( void) (} // restricted to a module 

void fund ( 1 
{ 

static int a = 0; //this is executed only once in lifetime of program 
a++; // its value is preserved 

) 
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■tract: creates heterogeneous data-type 

Syntax: 

struct r<struct-type-name>] 

C 

[<type> < variable- name [ t variable -name, *,.]>] ; 

[<type> <var i able -name [ r variable-name, *♦«!>] i 

} [<s true tore variables*] ; 

Description: It groups variables into a single record . Though both < struct type name* and 
< structure variables are optional, one of the two must appear. Elements in the record are 
defined by specifying a <type> followed by one or more < variable -name* (separated by com- 
mas). Different variable types can be separated by a semicolon. 

Example: 

struct my_struct 
( 

char name [80], phone„number [BO ] ; 
int age, height; 

} my_ friend; 

The above statements declare a structure containing two strings (name and phcne_number) and 
two integers (age and height). It also defines the variable my_f riend* To access members of a 
structure, use a member access operator as illustrated by the statement below: 

9 1 repy (my_ £ r lend . name , w Mr . An and" } ; 

To define additional variables of the same type, use the keyword struct followed by the <struct 
type namo*. followed by the variable names as follows: 
struct my_struct my„£rriends [100 1 1 
struct my_struct a, b; 

Structure variables can be defined without prefixing the struct keyword as follows: 

my_ struct c , d; 

Functions can also be defined within C+ + structures , 
switch: transfers control to matching ease 
Syntax: 

switch ( compression* ) 

{ 

case <c on st ant .expression*: 



default : 



} 

Description: The swi tch causes control to branch to one of a list of possible statements specified in 
■:ase/defauU Mock. The case statement whose constant value matches with the switch expression 
result will be executed. If none of the cases match, then default statement is executed if it exists. 

Example: (see case) 
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Description: It allows to raise an exception when an error is generated during computation. It normally 
raises exception using temporary object of a empty class. 

Example: (see catch) 

try: enclose a code raising an exception 

Syntax: try { 

* . , » // code raising exception 

) 

Description: A code raising an exception or exceptions must be enclosed within try-block. It indicates 
that the program is prepared to test for the existence of an exception if it occurs within the scope of the 
try-block. The catch-block following the try-block will actually take appropriate action for all those 
exceptions raised. 

Example: (see catch) 

typed* f: enhance existing data type 

Syntax: typedef <type definition* < identifier*; 

Description: It assigns the symbol name <identi£ ier> to the data type definition <type de£ i- 
nition>. It helps in declaring a convenient name for the existing data type and thus simplifies 
representation of complicated statements. 

Examples: 

typedef unsigned char byte? //a new data type called byte is created 
typed® £ struct 
C 

double re, im? 

} complex; 

typedef int * axray_t; // array_t p; is same as int *p; 

The definition such as 
byte a, b; 
is actually treated as 

unsigned char a, b; 

union: all members share the same memory 

Syntax: 

union [<union type name* 3 
{ 

<type> ^variable names* ; 

) [<union variables*] ; 

Description: It is similar to a struct, except that its members share the same storage space. 

Example: 

union int_or_long 
{ 

int i; 
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long 1 | 

} a_number| 

The compiler will allocate enough storage in a_number to accommodate the largest element in the 
union. Unlike a struct, the variables a_number . i and a„number * 1 occupy the same location 
in memory. Thus, writing into one, will overwrite the other. Elements of a uni on are accessed in the 
same manner as a struct. 

virtual: declares virtual function or class 

Syntax: 

class classname 

i 



virtual int myfunc U =0 ; 



Description; It can he used to make a function or class virtual. Virtual function allows derived classes 
to provide different versions of a base class function, which is declared as virtual function. Virtual class 
allows to inherit only one copy of a base class indirectly from more than one immediate base classes. 



Examples: 
Virtual function; 



class figure 
1 

virtual void draft ! J 



class line; public figure 
{ 



■ Oj // definition in derived class 



draft!) / / implements virtual function declared in base class 

{ 

/ / draw line 

) 



figure *fig, // can point to its derived class objects also 
line Hi 



fig ^ kll; 

f ig->draw{ 3 ; // invoke draw C 3 defined in the class line 

Virtual class: 

class B { . . . }; 

class D : b, B ( , * * } ; // illegal 

However, a base class can be indirectly passed to the derived class more than once: 
class X : public B { }; 

class Y ; public B { } ; 

class Z : public X f public Y { *** }; // Error 

T n this case, each object of class z will have two sub-objects of class & 
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while! i <= n ) 

{ 

factorial *- i; 
i++l 

) 

C++ Operators 

Some of the operators such as new, delete, etc, have been discussed in the previous section. In 
addition to them, C supports many other operators which are summarized in Table A. L Every operator 
has precedence and associativity associated with them. Precedence specifies the operator to be evalu- 
ated first when an expression is of type mixed-mode, whereas, associativity specifies the order in which 
operands associated with each operator are to be evaluated. 



Operator Summary 


+ ■ 


Scope resolution 
global 


ClassName : ; member 
s : name 


t 1 

t ) 
t > 
++ 


member selection 
member selection 
subscripting 
function call 
value construction 
post increment 
post decrement 


object . member 
pointer -> member 
pointer lexpr] 
exp r ( exp r_ 1 i s t ) 
type ( expr_ list) 
lvalue ++ 
lvalue — 


sizeof 
sizeof 
+ + 

1 

+ 

& 

* 

new 

delete 
delete [J 
0 


Size of object 
size of type 
pre increment 
pre decrement 
complement 
not 

unary minus 
unity plus 
address of 
dereference 
create (allocate) 
de story (de allocate) 
destroy array 
cast (type conversion) 


size of expr 
sizeof (type) 

++ lvalue 
-- lvalue 
- «xor 
! expr 

* expr 

* expr 
4 expr 

Sc lvalue 

* expr 
new type 
delete pointer 
delete (] pointer 
(type) expr 


_ *■ 
_># 


member selection 
member selection 


object .* pointer- to -member 
pointer -»* po inter- tO -member 


* 

/ 

% 


multiply 

divide 

modulo (remainder) 


expr * expr 
expr / expr 
expr % expr 


+ 


add (plus) 
subtract (minus) 


expr + expr 
expr - expr 



Table A,1 : C++ operators 
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If this causes problems, the keyword virtual can be added to a base class specifier For Example, 
class x : virtual public B { * . }? 
class Y : virtual public B ( }: 

class 2 : public X* public Y { ... } # * 

B is now a virtual base class, and class Z has only one sub-object of the class B, 

void: empty data type 

Syntax: void varl, var2 , . . . , vara; 
void funoncime £ , * ) t 

Diiqription: It can be used to define variables or declare functions which return nothing. When used 
as a function return type, void means that the function does not return a value. 

Example: 

The function definition returning no data to a caller is as follows: 
void hello (char *name) 

{ 

cout « "’Hello, " << name; 

} 

The function that docs not take any parameters is indicated by void, for instance, int init(void) 

Void pointers cannot be dereferenced without explicit type casting. This is because the compiler 
cannot determine the size of the object the pointer points to. For Example, 
int X! float rj 

void *p = &x; /* p points to x */ 

int main (void) 

I 

* ( int * ) P a 2 ; 

p - &r; /* p points to r V 

* (float *)p = 1 . Ij 

} 

volatile: update memory when the variable is assigned to register 
Syntax: volatile <data definitions* ; 

Description: It indicates that a variable can be changed by a background routine. Every reference to tnc 
variable will reload the contents from memory rather than take advantage of situations where a register 
is allocated to the variable for efficiency purpose. Note that, C++ allows volatile to be applied to 
objects, 

Example: volatile int ij 

wt ill#: while loop, repeats execution ' _ 

Syntax: while t <expression> } <statement> 

Description: The <st?tement> is executed repeatedly as long as the value of <expression> 
remains nonzero. The lest lakes place before each execution of the < statements 

Example: 

i = 1; factorial = Ij 
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Operator Summary (Continued) 


« 

>> 


shift left 
shift right 


expr « expr 
expr » expr 


< 

<= 

> 

>s 


less than 

less than or ©qua! 
greater than 
greater than or equal 


expr < expr 
expr <= expr 
expr > expr 
expr >= expr 


== 


equal 

not equal 


expr -- expr 
expr ! = expr 


* 


bitwise AND 


expr k expr 


A 


bitwise exclusive OR 


expr A expr 


1 


bitwise inclusive OR 


expr | expr 




logical AND 


expr && expr 


II 


logical inclusive OR 


expr | | expr 


? 2 


conditional expression 


expr ? expr : expr 


frflrs a « tf 

II II 11 


simple assignment 
multiply and assign 
divide and assign 
modulo and assign 
add and assign 
subtract and assign 
shift Left and assign 
AND and assign 
inclusive OR and assign 
exclusive OR and assign 


lvalue = expr 
lvalue *= expr 
lvalue /= expr 
lvalue expr 

lvalue += expr 
lvalue - = expr 
lvalue «= expr 
lvalue »= expr 
lvalue &= expr 
lvalue | = expr 
lvalue *■ expr 


throw 


throw exception 


throw expr 




comma (sequencing 


expr expr 



table A.l : C++ operators 
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abstract class It acts as a frame work for creating new classes. It appears normally as the root of a class 
hierarchy. Its instances cannot be created. 

abstract data type It is a data type whose internal representation is fully transparent to the user. They are 
popularly called ADTs (Abstract Data Types). 

access operations They allow access to the internal state of objects without modifying them, 
actor A model of concurrent computation in distributed systems Computations are carried out in 
response to the communications sent to the actor system. 

alias A different name given to a variable. Variable aliasing allows to access the same data with different 
names. 

attributes Data members of an object. 

base class A class from which new classes can be created. 

callee A function which is called. It is also known as called function, 

caller A function which calls. It is also known as calling function, 

class It is the basic language construct in C++ for creating user-defined data types. It unites both the 
data and functions that operates on data. 

class hierarchy The set of superclasses and subclasses derived from the superclasses can be arranged 
in a tree-like structure, with the superclasses on top of all classes derived from them. Such an arrange- 
ment is called a hierarchy of classes, 
class object A variable whose data type is a class, 
client An object which request services of other objects, 

constructor A special member function of a class, which is invoked automatically whenever an instance 
of a class is created. It has the same name as its class, 

container class A class that can store objects of other classes. Normally data structure classes act as 
container classes, 

copy constructor A constructor which receives objects of the same class as argument. Object param- 
eters to copy constructors must be passed either by reference or as pointers, 

CORBA It is an acronym for Common Object Request Broker Architecture, Object Management Group 
(OMG) developed standards for connecting and integrating object applications running in heteroge- 
neous, distributed computing environments. Defines die request protocol used by objects in commons* 
eating across platform and machine boundaries. 

data abstraction It refers to creation of new data types that are well suited to an application to be 
programmed. It provides the ability to create user-defined data types, for modeling a real world object, 
having the properties of built-in data types and a set of permitted operators. 

data flow diagram A diagram that shows the flow of data through a system. It can have nodes to 
process those data also. 

data hiding It hides data from rest of the program. Internal representation of hidden data is unknown to 
its psers. However it can be accessed by using interface functions, 
data member A variable that is defined in a class declaration. 

default parameter A parameter whose value is specified at the function declaration and is used if the 
corresponding actual parameter is missing in a call to that function, 
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delegation It is an alternative to class inheritance . Delegation is a way of making object composition as 
powerful as inheritance for reuse. In delegation, two objects are involved in handling a request: a 
receiving object delegates operations to its delegate, 
derived class A class that inherits properties of other classes {base classes). 

destructor A special member function of a class, which is invoked automatically whenever an object 
goes out of scope. It has the same name as its class with a tilde character prefixed, 
dynamic binding It postpones the binding of a function call to a function until runtime. This is also 
known as late or runtime biding, 

dynamic memory allocation It allows to allocate the requested amount of primary memory at runtime, 
dynamic objects A class can be instantiated at runtime and objects created by such instantiation are 
called dynamic objects. 

early binding The binding of a function cal! to a function is done during compile time. Hus is also 
known as static or compile-time biding. 

encapsulation It is a mechanism that associates the code and the data it manipulates into a single unit 
and keeps them safe from external interference and misuse. In this is supported by a construct 
called class. An instance of a class is known as an object, which represents a real-world entity, 
exception It refers to any unusual condition in a program. It is used to notify error to a caller, 
exception handling It provides a way of transferring control and information to an unspecified caller 
that has expressed willingness to handle exceptions of a given type. Exception handling can be used to 
support notions of error handling and fault tolerant computing. 

extensibility It is a feature which allows to extend the functionality of existing software components. In 
C++, this is achieved through abstract classes and inheritance, 

extraction operator Hie operator » which is used to read data from input stream object, 

free store A pool of memory from which storage space of objects or variables is allocated. This is also 

know as heap. 

friend A function which has authorization to access the private members of a class though it is not a 
member of the cl ass. 

friend class A class that can access private members of another class, Thai is, all member functions of 
a friend class are friend functions, 

function overloading It allows multiple functions to assume die same name as long as they differ in 
terms of number of parameters or their data type, 

function prototype It just specifies function return type and its arguments data type with function 
implementation, It is also know as function declarator. 

genericity It is a technique for defining software components that have more than one interpretation 
depending on the parameters data type. It allows the declaration of data items without specifying their 
exact data type. Such unknown data types (generic data type) are resolved at the time of their usage 
(function call) based on the data type of parameters, 

header file A file containing declaration of new data types* macros, and function prototypes. For 
example, iostream.h is a header file. 

indirection operator The * operator prefixed to a pointer variable. It is used to access the contents of 
the memory pointed to by a pointer variable, 

inheritance It allows the extension and reuse of the existing code without having to rewrite the code 
from scratch. Inheritance involves derivation of new classes from existing ones, thus enabling the 
creation of a hierarchy of classes that simulates the class and subclass concept of the real world, A new 
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class created using existing classes {base classes) is called the derived class. This phenomenon is 

called inheritance, The derived class inherits the members - both data and functions of the base class* 

inheritance path A series of classes that provide a path along which inheritance can takes place. 

inline function A function whose body is substituted at the place of its call. 

insertion operator The operator « which is used to send data to output stream object. 

instance A variable or an object of a class is known as instance of a class. 

instantiation The process of creation of objects of a class is called class instantiation* 

interface Member functions that allow to access data members of a class. 

late binding Refer to dynamic binding. 

lifetime It is the interval of time an object exists by occupying memory, 
manipulator A data object that is used with stream operators. 

member Data and functions defined with a class are called members except friend functions, 
member functions Functions which are members of a class are known as member functions, 
message It is a request sent to an object. 

message passing It is the process of invoking an operation on an object. In response to a message, the 
corresponding method (procedure) is executed in the object, 
method A member function is also called as method. 

multiple inheritance The mechanism by which a class is derived from more than one base class is 
known as multiple inheritance. Instances of classes with multiple inheritance have instance variables 
for each of the inherited base classes, 

NULL The character that is used to indicate the end of the string. 

NULL pointer A pointer that does not hold the address of any object, 
object It is an instance of a class. 

ODMG It is the acronym for Object Database Management Group. Small consortium, loosely affiliated 
with OMG, established to define a standard for data model and language interfaces to object-oriented 
database management systems. 

OMG It is the acronym for Object Management Group. Consortium of GO software vendors, develop- 
ers, and users promoting the use of objects for the development of disUibuied computing systems. 
World- Wide- Web (WWW) home page located at http ://www. omg.org. 

OO It is the acronym for Object-Oriented. It is an adjective (modifier) indicating that the associated 
noun has features to support role -oriented decomposition, modeling, or construction. 

00A It is the acronym for Object-Oriented Analysis. Use of role-oriented decomposition techniques to 
model a system. 

00BE It is the acronym for Object-Oriented Business Engineering. Application of object concepts to 
the design or restructuring of business processes or enterprise architecture. 

ODD It is the acronym for Object-Oriented Design. Application of object concepts to the design of 
software. 

0GDB It is the acronym for Object-Oriented Database. A database where units of information are 
defined and managed as objects, 

OOP It is the acronym for Object-Oriented Programming, An application of object concepts to the 
implementation of software, employing an OGPL. 

00PL It is the acronym for Object-Oriented Programming Languages, Programming language that 
includes features to support objects, such as data abstraction, encapsulation, sub-classing, inherit- 
ance, and polymorphism; examples include C++, Smalltalk, Self, Eiffel. May be a hybrid (incremented) 
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language that extends an otherwise non-OQ base language through the addition of QOconsfructs fe.g. ? 
C++* Object! ve~C, Object Pascal* Ada), 

OOPSLA A conference called Object-Oriented Programming* Systems* Languages* and Applications, 
operator overloading It allows to extend functionality of a existing operator to operate on user-defined 
data type also, 

pass by pointer The address of an actual parameter is explicitly passed to a function, 
pass by reference The address of an actual parameter is implicitly passed to a function, 
pass by value A copy of the actual parameter value is passed to a function, 

persistence The phenomenon where object (data) outlives the program execution time and exists be- 
tween executions of a program is known as persistence, All database systems support persistence. In 
C++, ’this is not supported However, the user can build it explicitly using fi ie streams in a program, 
polymorphism It is a feature that allows a single name/operator to be associated with different opera- 
tions depending on the type of data passed. In C++* it is achieved by function overloading* operator 
overloading, and dynamic binding (virtual functions), 

preprocessor A part of the compiler that processes header Files* macros, and escape sequences with the 
designated character, 

private member A class member which is accessible to only members of a class or friend functions, 
protected member A class member whose scope is the same as private except that it is inheritable, 
public member A class member which is accessible to external users through dot operator, 
pure virtual function A function whose declaration exist in a base class and implementation in derived 
classes. A class having pure virtual member functions cannot be instantiated and hence, such classes 
are called abstract classes. 

reusability A feature which allows to build new classes from existing classes, 
scope The region of code in which an item is visible. 

scope resolution operator It permits a program to reference an identifier In the global scope that has 
been hidden by another identifier with the same name in the local scope, 
server An object which services the clients requests, 
static binding Refer to early binding, 

static member A class member which is declared as static. A static data member of a class is shared by 
all the instances of the class, A static member functions cannot access auto members of a class, 
stream A sequence of characters is called stream. It can be an input stream or an output stream, 
structured programming Software development methodology which employs functional decomposi- 
tion and a top-down design approach for de veloping modular software (traditional programming tech- 
nique of breaking a task into modular subtasks), 
sub-class Another name for derived class, 
super-class Another name for base class, 
templates See genericity. 

this pointer It is a pointer (named as this) to the current object, 
type conversion A conversion of a value from one type to another, 

virtual base classes A class which gets inherited to a derived class more than once has to be declared 
as virtual. Such base classes are called virtual base classes, 

virtual functions A member function prefixed with the keyword virtual. It allows to achieve dynamic 
binding. 



Copyrighted material 




"N-<X|<CHO)JlDT)oZ?r^t.-iOTi 






Appendixes ASCII Character Set 



797 





NUL 


- 


Null 


OLE 


- 


Data Link Escape 


SOH 


- 


Start of Heading 


DC 


* 


Device Control 


STX 


- 


Start of Text 


IMAK 


- 


Negative Acknowledge 


ETX 


- 


End of Text 


SYN 


» 


Synchronous Idle 


EOT 




End of Transmission 


etb 


- 


End of Transmission Block 


ENQ 


- 


Enquiry 


CAN 


- 


Cancel 


ACK 


- 


Acknowledge 


EM 


* 


End of Medium 


BEL 


- 


Bell 


SUB 


- 


Substitute 


8 S 


- 


Backspace 


ESC 


* 


Escape 


HT 


- 


Horizontal Tabulation 


FS 




File Separator 


LF 


- 


Line Feed 


GS 


* 


Group Separator 


VT 


- 


Vertical Tabulation 


RS 


» 


Record Separator 


FF 


- 


Form Feed 


US 


- 


Unit Separator 


GR 


- 


Carriage Return 


SP 




Space (Blank) 


SO 


* 


Shift Out 


DEL 


- 


Delete 


SI 


* 


Shift In 
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! (not equal) relational operator, 

! (NOT) logical operator, 118-119 
!= (not equal to) relational operator, 1 1 6 
define preprocessor directive, 32, 134 
% (remainder) arithmetic operator, 112*114 
%= (remainder ) ass i gnment operator, 1 24 
& (address) operator, 1 28, 270-278, 283-285 
& (AND) bitwise operator, 12CL121 
&& (AND) logical operator, fl 18,119 
Sm (bitwise AND) assi gnment operator, 124 

* (indirection) operator, 128,271 

• (multiplication) operator, 112-114 

•= (multiplication assignment) operator, 124 
+ (addition) arithmetic operator, 112*114 
-H- (increment) operator, 125 
-h* (addition) assignment operator* 124 

- (subtract! on) arithmetic operator* 112-114 

- - (decrement) operator, 125 

(subtraction) assignment operator, 124 
/ (division) arithmetic operator, 112-114 
/= (di vision ) assignment operator, 124 
< (lessthan) relational operator, 1 1 6 
« (left shift) bitwise operator, 120-121 
«= (left shift) assignment operator, 1 24 
<= (lessthan or equal to) relational operator* 1 1 6 
= (equal) assignment operator, 124 
= (equal to) relational operator, 1 1 6 
> (greater than ) relational operator, 1 1 6 
>=(greater than equal to) relational operator, 116 
» (right shift) bitwise operator, 1 2d 1 21 
A (exclusive OR) bitwise operator* 120-121 
^(bitwise exclusive OR)assignment operator, 124 

I (inclusive OR) bitwise operator* 120= 121 

II (OR) logical operator, 118-119 

- (compliment) bitwise operator* ] 20= 1 2 1 
?: (ternary operator), 126 

A 

absolute address* 268 
abstraction* 2-3, 315 



abstract class* 514 

access control specifier, 330 

address operator, 128. 270-278, 283-285 

addresses, 

absolute, 268 
offset* 268 
arrays, 168° 182 
passing to function, 206 
returning from functions, 209 
segment, 2£8 
segment offset, 268 
variables, 102 

algorithm decomposition, 111 
arguments, 

arrays as, 220*221 
command line, 20Q 

in function ceils, 196 
in function declarator, 195 
passing data to, 198-201 
passing multiple functions, 200*201 
passing variables as, 199*200 
arithmetic operator! 

%frcmainder)* 1 12-1 14 
•(multiplication), 112-115 
-Kaddition), 112-114 
-(subtraction), 112-114 
/(division), 1 12-114 
arrays, 168-182 

arrays of strings* 187-188 
arrays of structures* 246-249 
accessing members of, 246 
initialization, 241 
as arguments, 220-221 
bound checking, 172 
definition, 121 
entering data into, 
initializing, 122 
multidimensional. 178-182 
objects, 41 1*413 
passing to functions, 220-221 
pointer variables, 221 
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E 

early binding, 22 
empty classes 1M 
encapsulation, 43,44' 
en teiing data into array s , 113 
entering data into structures, 242 
enumerated(enum) data type 
escape sequences, 
expression, 107-109 
external variables, 227-228 
extensibility, 44 
exception, 203 
catch, 704-706 
handling, 703-747 
synchronous exception, 104 
asynchronous exception, 704 
throw, 704-706 
try, 7 0 4- 706 

F 

far keyword, 296-297 
far pointer, 296-297 
fault tolerance, 703 
fault avoidance 203 
file streams, 22 
file strings, 26 

floati ng point(float) variable type, 103 
for loop, 149-153 
body, 150 
comma operator* 152 
compound statements, 152 
loop expressions, 142 

inerementf update) expression, 152 
initialize expression, 152 
test expression, 152 
multiple statement, 152 
fountain flow model 256 
friend functions, 342» 345-349 
function template, 596 
function overloading 214-2 18 
functions, 1 9 1 -220 

default arguments, 210-212 
inline functions, 213-214 



recursive functions, 231-238 
mainQ, 234 

parameter passing 204-209 

passing addresses to 206 

passing arguments to 198.201 

passing arrays to 220-221 

passing data to 191-201 

passing multiple arguments to 200-20 1 

passing structures to, 252-253 

passing two-dimensional arrays to* 220-22 1 

passing objects as arguments, 136-340 

passing constants as arguments , 1 M= 1 99 

prototypes, 195 

variable number of arguments, 228-23 1 
function components, 1 93= 1 98 
function templates, 64-67. 219-220 

G 

genericity, 3=4 
generic datatype, 596 
generic programming, 596-628 

H 

header files, 34 

compiler directi ves, M 
function prototypes, 195 
hierarchy of operations, 1 14 
heri tage of C++, 23 
hello world, 32 
huge pointer, 292 



I/O (input/output) 
operations, 630 
system, 611 

identifiers, variables, IM 
if statement, 144-149 

multiple statements, 145 
multiple statements, 145 
nested, 148-149 
if else statement, 146=149 

compound statement, 142=148 
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nested, 148-149 
increment operator, 125 
inheritance, 499- S24 
heirarchical, 548 
hybrid, 558 
multiple, 531 
multilevel, 533 
multipath, 551 
single, 510 
inline functions* 53-54 
instance, 314 
internet* 34 j 30 
intcger(int) variable type, L03 

J 

java, 24 

java virtual machine, 25 

K 

keywords, JU2 
delete, 403 
far* 296-297 
new, MB 

L 

late binding, 20. 22, 81 
lifetime of variables, 225 
automatic, 226 
external, 227-228 
static, 227 

library functions, 203 
live objects* 408-410 
literals* 134 

logical operators, 1 1 8= 1 20 
long double precision floating point - 
{long double) variable type* liM 
long tntegerfl ong or 1 ong I nt) variable type, LIM 
loops, 1 49 - 1 62 

break statement, 158-160 
conti nue statement, 1 62= 1 63 
do- while loop, 1 56- 1 58 
for loop, 149-153 
while loop, 15 4 - 1 56 



M 

macros, #define preprocessor directive, 1 38= 1 39 

main() function, 234 

members of structure accessing, 240 

member functions, 313-3 14 

method overloading, 316 

message communication* 20 

message passing model* 321 

memory leak, 4 91- 49 3 

migrating objects, 31 

modulus operator* ill 

monolithic programming, 6 

multilevel inheritance, 322,510-511 

multipath inheritance* 510=511 

miiltiplication(*) operator, 112-114 

multiple inheritance, 333 

N 

names of variables* 1G2 
naming classes* 313 
name mangling, 56 
near pointer* 296 
networking* 30 
new operator* 67 
new keyword* 67-68, 282 

o 

object* 1. 13. 316 
Cleanup, 363-399 
initialization, 363-399 
object-oriented, 1-31* 748-769 
analysis* 158 
desip* 359 
methodologies, 756 
programming* 1*2 
OO learning curve, 26 
open subroutine* 325 
operator overloading* 4 3 2- 49 7 
operator* 432-497 
operators, 1 07-128 
associativity, Ml 
precedence* 140 
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overloading, 432-491 

binary operator, 433, MS 
unary operator, 433, 434 

p 

Passing* 2 04-209 

addresses to functions, 206 
arguments to functions, 198-201 
structures to functions* 252-253 
parameters, 51 
persistence, 3=4 
pointers* 268-310 
poin ter arithmetic* 278-281 
porting, 28 
polymorphism, 20, 570 
polymorphic class, 520 
preprocessor directives, 140 
Programming paradigm, 541 

monolithic programming, 5=6 
procedural programming, 5=6 
structured programming, 5=2 
object-oriented programming, 5*2=8 
Project management* 766-768 
private* 314-315.501 
protected, SOI 
profiler, 321 
programming styles, 5 
constraint oriented* 5 
logic-oriented, 5 
object oriented* 5 
rule-oriented* 5 
procedural oriented, 5 
public* 314-315,501 

Q 

qualifiers, 1094 1 1 
sign, LU 
size* 109 

R 

recurrsion* 231-233 
recursive functions, 231 
redundancy* 235 



static* 235 
dynamic* 255 
reference variables, 42 
register variables, 222 
relational operators* 115-318 
reliable code, 764 
runtime despatch, 581 
runtime binding* 268-3 1 2 
return ( ) statement* 1 % 
reuseable components* 753 

s 

scope resolution operator* 44-45. 323 
scope of variables* 223 
size of operator* 1 10-111 
software engineering, 22 
software reuse* 27, 28 
sorting arrays* 174-178 
bubble sort* 174-176 
comb sort, 176-178 
stock* 2 21-223*270,531 
static binding* 572 
static variables, 222 
steams* 35-40*629-702 
stream variables, 222 
stream I/O function* 629- 7Q2 
strings* 182-189 
structured programming, 2 
single inheritance, 510 
structures, 237-259 
accessing* 223 
array of* 246-248 
declaration* 237 
initialization* 240 
nesting of, 243-246 
pointer to, 304-306 
Smalltalk, 24 

switch statement* 160-162 

T 

templates, 4, 596-628 
template class* 610 
template function* 600 
time checking* 49 
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this pointer, 422-424 
tokens. UH 
typecast operators, 465 
typedef statement. 59. 128 

u 

unary operator overloading, 432 

unsigned (unsigned)variable type. 103 
unsigned integer variable type, 103 



variable. 102 

definition, 104 
extent, 223 



initialization. 104 

virtual destructors, 58 9 
virtual function s, 87,570-594 
virtual pointer! VPT'R), 591 
virtual tablefVTBL). 521 
void, 234 

void pointer, 276-278 

w 

water falling model. 742 
while loop. 154-156 
wild pointer, 307-310 
world wide web. 30 
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gets all the features of the polygon Further, the polygon is a closed figure and so. the we tangle inherit 
all the features of the timed figure. 




Figure 1*16; Inheritance graph (class hierarchy) 



Multiple Inheritance 

In the case of multiple inheritance, the derived doss inherits lbc features of more than one base doss. 
Consider Figure L17. in which the class Child is inherited front the base classes Parent I and Parent 2, 
Here, the class Child possesses all the properties of parents classes in addition to its own. 



Base or Super Classes 



Derived or Sub Class 



Figure 1.17: Multiple Inheritance 

Benefits of Inheritance 

There are numerous benefits that can be derived from the proper use of inheritance, which include the 

following; 

* The inherited code that provides the required functionalities, does not have to be rewritten. Benefits 
of such reusable code include, increased reliability and decreased maintenance cost because of 
sharing by all the users, 

* Code sharing can occur at several levels. Fore sample, at a higher level, individual or group users, can 
use the same classes. These art referred to as software components. At a lower level, code can be 
shored by two or more classes within a project. 
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* Inheritance will permit the construction of reusable software components. Already,, several such 
libraries are commercially available and many more are expected to come, 

* When a software system can be constructed largely out of reusable components, development time 
can 'be concentrated for understanding that portion of the system which is new and unusual. Thus, 
software systems can be generated more quickly t and easily, by rapid prototyping. 

All the above benefits of inheritance emphasize code reuse, case of code maintenance, extension, 
and reduction in development time. 

t . 1 1 Delegation - Object Composition 

Most people can understand concepts such as objects, interface's, classes, and inheritance, The chal- 
lenge lies in applying them to build flexible and reusable software. The two most common techniques for 
reusing functionality in object-oriented systems are class inheritance and object composition. As 
explained, inheritance is a mechanism of building a new class by deriving certain properties from other 
classes. In inheritance, if the class D is derived from the class B, it is said that/} is a kind iff &. The new 
approach to object composition, takes a view that an object can be a collection of many other objects, 
and the relationship is called a has-a (0 has -a B) relationship or containership. 

Delegation is a way of making object composition as powerful as inheritance for reuse. In delega- 
tion, two objects are involved in handling a request:: a receiving object delegates operations to its 
delegate. This is analogous to subclasses sending requests to parent classes. In certain situations, 
inheritance and coniainership relationships can serve the same purpose. For example, instead of creat- 
ing a class Window as a derived class of Rectangle (because, the window happens to be reciangu- 
tar}, the class Window can reuse the behavior of Rectangle by having a Rectangl® instance variable 
and delegating the Rectangle specific behavior to it. In other words, instead of the class Window 
being a Rectangle, it would have a Rectangle composed into it. Window must now forward all requests 
to its Rectangle instance explicitly. In inheritance, it would have inherited the same operation from the 
class Rectangle, The Window class delegating its Area operation to a Rectangle instance is depicted tit 
Figure US. 




Figure 1,1 B: Delegation-object composition 
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